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ABSTRACT

This users' guide documents a eollectlon of computer prog rams
and subroutines written in FORTRAN to calculate 4-body (sun-earth-
moorn Epace) and 3-body (earth-moon space) optimal tragectones
The programs incorporsate a new variable step integration technique
and & new quadrature formula to correct ‘single step errors, These
new features have r-esulted in significant improvement in et‘ficiency

and accuracy.

The programsg provide capability to golve initial value problem,
two point'boundary value problem of a transfer from a gi'ven' initial
position to & given final position in fixed time, optimal 2-impulse

. transfer from an earth parking orbit of givén inclination toa given
final positlon and velocity in fixed time and optimal 3~ 1mpulse )
transfer from a given poaitlon to a gwen final position and veloc ity

" in fixed time. '
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- INTRODUCTION

This users gulde documents a collection of computer programs and sub-
routines written in FORTRAN to calculate 4~body optimal traJertories under the
combined influence of the sun, earth, and moon, Additional pr ogramr-: and sub-
routines have been provided so that 3~body optlmal trajeetories can be computed
without the influence of the sun.

The method uged in the extrapolation of the state vector and the solution of -
. boundary value problems is essentially the same as presented in Rel. (1) and {2).
However, the present programs incorporate a new variable step integration tech~
ntque and a new quadrature formula to correct a!.ngle step errors. These changes
have resulted in significant improvement in efficlency and accuracy The 4-body
as well as the 3-body state extrapolation subroutine automatmally determines the
step size that will yield a fixed estimate of the single step position and velocity
errors, The quadrature formula developed by T, N. Fdelbaum is based on the
4th derivatives of the positioh error estimates at the beginning of a step and the

second derivatives of the-Stum_pff Weiss position errors at the end of the step, |

In additlon two subroutines have been provided to compute target position
and veloclty iin a Halo orbit about the Ll libration point on the sun-earth line or
one of the libration points on the earth-moon line, State véctors are now available
aleo in rotating frames simtlar to the familiar barycentric frarne rommonly used
in the rest ricted 3-body problem. These new features will be descr:bed 1n some
detail )



PROGRAM ORGANIZATION o f

The 4-body and 3-—body programs consist of 4 options, The name ol a 3- body'
_-program is given 1n parenthesis following the name of a correspondlng 4- body

program,

Optton 1

Option 2:

Option 3:

Option 4:

Program TRAJ (TRAJ3}

This option is a trajectory 1ntegration program to solve initial value
problems ’

Program EXLAM (EXLAM3) . _

Thig option is a prograta to. solve two pomt boundary value problém
of a tranefer from a given initial posltllon toa given tinal positwn in
fixed time using Newtdn—Raphson‘mothod. ' '
Program ETP21 (ETP213)

This option determines the optimal 2~impulse transfer' from an earth
parking orbit of given inclination to a given final posxtion and velocity

in fixed time. It employs an accelerated gradient projection method

using" Davidon's Variance al_gorithm. _ |
Program PTP3I (PTP3I3) - \ f
This optlon computea the optimal 3- tmpulse transfer from a gwen

{nitial position to a given final poaitlon and veloclty in tixed time

Tt uses an accele rated gradlent method’ {Davidon's Variance
' 'algorithm) in the outer- loop and Newton Raphson. method in the second

leg of .the inner loop

’.l‘heso 4 main programs call one or more of the Lollowihg aubroutines,

jﬂyﬂ outine Function
 FOURBY (THRBDY) State extrapolation.
TWOBDY _ ' 2-body state extrapolatmn . :
CSTEP (C_TSTEPI%) . Computes single step size and error E%tlmate at begmnmg
‘ ) . " of step. o A ‘- '
DELRV (DELRV3) - = Computes corrections by quadr-ature formula.
LAMB (LAMBS) Solves Lambert problem. . ,
CTAR (CTAR3) . Comptites target position and velocity on a Halo orbit: about

“a libration peint, Called by ETP21 (ETP2I3).

COMIC (COMIES) . - Transl’o_t"rria input parameters with respect to earth into

atates with respect to gun (4-hody) 'nrje_tu."lh {3-hody),

COM G (COMITGH) Computes tunction ‘and gradicent tn P2 (11P2I4),



COMAUG - Forms augmentied function and gradieiﬁ in ETP21 (ETP213)

" COMDX . Computes changes in independent vamables in ETP2I]
o - ' (ETP2I3).
. COMF (COMF$)- ~  Computes function in PTP3I (PTP313)
coMG  Computes gradient in- PTP31 (PTP3I3),
PVEC 4 - Advances primer vectors and monitor its magmtude in
.. FOURBY (THRBDY), '
RVEMV Ny R ' Computes state - vectors in FOUHBY Not usged in 3-body.
UPX L Updates variables and- functlons in ETP2I ( ETP2(3).
DISP (DISP3) . Computes states in rotating eoordinates for display.
PTRAJ (PTRAJ3)  Prints trajectory. R | | :

FDATA (FDATA3Y) " Files data for further processing outside of the program.

 The main programs and the above menttoned subroutines will be described
in some detall in the sections to follow, In rddition, there are a number of service
- subroutines, which performs standard meathematical operations.

Service Subroutines ' ‘Function : R
MXV - , - Multipltcatton of a vector by a matrix a=Mb. |
VVT - Outer product of & vector, M = &8
. DOT : s Dot product of 2 vectors, C = a b

VMAG o ' Magnitude of a vector,

'INVERT . Inversion of a matrix
UNITV. . Unit vector of a vector )

VXV I Cross product of 2 vectors, 8 =b x ¢,

MTRANS L Transpose & matrix, N ¢ MT '

MXM 7 S Multlpli(-ation of 2 matrices, C=MN

Thege service e_tub routines will be listed but not discussed further. .

A tabulation of the aubroutines called by the main programs is given in
'Table 1. ' ‘
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' ‘Note: 1 Not used in 3-body progrﬁms.

‘Tablel ~ PROGRAMS AND SUBROUTINES

Pr.bgr'ar_n o ;
Sube’ TRAJ EXLAM ETP21.. | PTP3I
routine - {ETP213) {PTP313)

FOURBY (THREDY) °

TWOBDY

CSTEP (CSTEP3)
DELRV (DELRVS)
COMIC (COMICS) |
COMFG (COMFG3)
COMF (COMF3}

" [COMG

LAMB (LAMB3).
COMAUG '
COMDX _
CTAR (CTAR3)
UPxX :
RVEMV

PVEC

|DisP (bisps) |-
|PTRAJ (PTRAJ3)
FDATA (FDATAS)

MXV
vVT

DOT
VMAG

INVERT

UNITY

VRV

MTRANS

IMxM

(TRAJ3)

MM M

R LR

X'.
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COOR DINATES SYSTEM%

The ponition or velocity vector of a body with respect to another body may
be expressed in different coordinates systems at dlffe rent stages of computation

These coordinates systema a.r-e descr‘ibed below,

Coordinate S_ys'tems

S-frame
-(Basic computation f rame
) in 4-body programs)

R-frame’ '
(4=-body)

‘M-frame
(4=body)

e-frame

_(Baslc computation frame -

‘in 3-body programs)

méfrarrié
"{3-body}

, L-‘fratﬁ-:e
{4-body)

i -frarﬂé :
(3-body)

. extrapolation is performed.

Definition

_ An inertial frame centered at the sun in which state

Since it ,.is likely that

 input ephemerides will be obtalned from JPL tapes,
‘the XS Ysplane will be the Echptic Equinox plane of

1850, 0, with the Xs-axia polnttng {n the Equmox
dlrection.

‘An inertial frame centered at the earth parallel to

S-frame.

: An inertial frame cente red at the moon parallel to

5~ frame. '
An 1nert1a1'frsme centered at the earth. The XY,
plane i= the Equator Equinox plane of 1950, 0 w1th '

X pomting in the Equinox dlrection

An ine rti.al' f fame' cénte'i-ed at tht;-‘moon parallel to

e-frame.

A rotating frame centered at the Ll 1ib ration point
used to define a target on a Halo orbit about L

. The X,-axis ia alohg the line from the aun to t'he'

L

ear‘th-moon ba:-yoente: The ZL-axis im along tho
total angular momentum vector- of ‘the ea rth and

moon about the sun,

A rotating frame centered at either Iy or"I_“2
11bration point to define a target on a Halo orbit.

'_ The X,-axls is along the line from the earth to the

moon, The Z E~axis is along the angular momentum -
vector of the moon about the earth



O-frame o " An inertial frame centered at the-eartn, The X(‘)—S’ o
' plane s the parking orbit plane of an inclination i.
The Xo-axis is along the line of ascending node.

D-frame A rotating frame centered at the earth used for
(4=body) S display purpose, - This frame i5 the equivalent of the
S ’ rotating barycentric frame in a restricted 3-body ‘
problem. The XD-_axi_s is along the line from the sun

to the earth, .ThelZD-axis is along the angular
momentum vector of the earth about the sun,

d-frame’ , . " A rotating frame centered at the moon used for
(3-body) o 7 . display purpose, The X ~axis ia along the line [rom
' ' the earth to the moon. . The Z,-axis ig along the
angular momentum vector of the moon about the
es.H:h. | '

These frames are shown in Figure 1.
In general, when there is no ambiguity, a vector of a body ‘A with respect’to

_another body B will be wfitten with subscripts BA. For example, R, will be a

sv
position vector of the vehicle with respect to the sun in the S-frame. Sometimes,
At is necessary to add & supersc ript to indicate the frame in which the components .
are resolved Thus, wSLS is the angular veloc1ty of the L- fra.me wr.th respect to

the S-frame wlth components in the S-frame,

A transformation matrix will be denoted by a subacript and a guperscript,

It will transform a vector [rom the frame ihdicated by the subgeript to the frame
mdlg_:atad by the superscript, l'or example R I"

_ = (:SL HS transforms Tt tn S-frame
to R in L-frame, '



A Xpe Xy

XeY-P1dnéQpara]leJ to
Yor YerYm . of 1950.0.

To Equinox ff_"‘ 

L Xe
~ " To Equinox

.F;gufe la . Ine r*tiai 8, E, :'aﬁd- IVI Frar_n'es. . |
o xe-Yé:' Equator-Equinox
7 iplane of 1950.0. -

"-__F{g"ure. b Ine rtisl eand O Ffaineé

Ecliptic-Equinox plane



TUDE
“{centered at’ {nstantaneous
;-n'po-si.‘t}-ion o'f" ea'r‘th-) )

thu re 1c'17 L-Framé



P

Yo : o "'m-Frame_is‘centeréd at
" " moon parallel to e-Frame.

Figurele m and d Frames

Figure 1f £ Frame



VARIABLE STEP INTEGRATION
The variable step integration technique used in subroutine FOURBY (THRBDY)
'{g summarized here,” The computation of step eize and eatimates of posltion errors,
- which is performed in subroutine CSTEP (CSTEPS) is an extensl.on of D'Ama rio's
_ derivation for the 3-body problem (Ref, 4). Let
'R ’(t+h) = approximate vehicle position detérmined by Stumptf-Weiss method
R (t+h) = true vehicle position
The pdsltld:i error at the end of a single step 18-
T = ﬁ(-t+h'> B A (1)
.Fxpanding F‘q. 1) tn Taylor series at t we e obtain

Wn) t(t)+¢{t)h+-2-t(t)h +3m)h +H"¢"¢')h.“+o(h5) @

Ey def lnlt 101"'1 .

e 0 . o ®
7 ;_It can be shown that-.
) = qn = =0 o (4)

The first non-zero te rm is the 4th derivative ferm.k Neglecting all higher
‘yd.erlvativé terms .the'.poslt'io'n error is given by '

£(t+h) =‘€It)2-4- - o - (5}
' Le.t"‘,. .

fet+n)] = € . g
o S (6}
= a__llqw_abla slngle step position error. - :

' Then, an estimate of step size 15 given by

‘ /4 o L

(24 ma") S SR {3

e(t)



TR CET A

In (‘STEP we compute ‘RSV to estimate step size h and also € ¢ and GRSM

- for ume'in DELRV to compute error cor r‘ectiona If we make the followtng
‘ definltions ln a 4- bod}r space ' ‘ '

. . N
Gsv_ F-';‘@ L sv - ;E_s_\; I.Rsv]
| . REV . L’- -
Sev 7 3% EV S [REV}
Gs;i =;§;;. [ (“s*fﬁ)gffs SE] @
G | RMV _ . a [«'ﬁ ]
CoMY a‘ﬁ Py aﬁ MV.
Ry
Com * 'a‘; [- (“s * “M) %l LRSM]

sM RSM | BR‘EM

oy T~ [

| GESM' = RSM [R'S'M]

we cBh expreas the estimated errors. by

o



T
“S+“E

Rsv(”h’ *".{Gsv 8Zgy * Cpy gy * GSE ngE

T
Gy By *

Y O
— Csm %Fgu) -21*'_3“‘)
Bg ™ Hy S

- pgptth) = {GSE SEgy - —'—“‘_+ EMagEM

Co : : Bp THhn
(10)
Bum )

Chg Yy

| L
oy nt, .6
Com %) §7 OB |

M
ke Uy

' "'RSM(”‘”

{ogy S8 * ey Fmm

Bre .

ES

.
¥ GSE °gsm} + o)
Bs*BE _

L

‘ -In CSTEPS we compute ‘HEV to determtne h and the error may be expressed by

REV(Hh) - {GEV ng\, + GMV agMV} ,ﬂ rom®y

0..‘ -

Note that ‘REM =0ina 3-body space,

12 -



CORRECTION OF ER?ORS BY QUADRATURE FORM_ULAS
The quadrature formulas proposed by T. N, Edelbaum and uaed in subroutine
DELRV (DELRV3) to compute a single atep posltion and velocity corrections are

‘pre sented he re,’

Asaume the second derlvative of the poattion error ina etngle step is given by -

?—T &+5t) o Ca2)
where
T o= *E*'(u)_e"-';', B o | (13),

Then the second derivative of the position error at thé end of a singl step is given by

= b : o Lo
§ = T(Ti +Bn = . (14)
“Solving Eq. (14) and using Eq. (13), e 3
T o= 255 (15)
Integraiiﬁg Eq:. (12},
- - . . . —~.3 = 4 . :
- at bt R - p
4 5 ' : ‘
- _ at” _ bt -
Bz ol - -

Using Eqs.(13) and (15) in (18) and (17), "we obtain the followmg cor rections at the
: 'end of & smgle step,

. 5. . -

L% - hy/=h ‘-'-'—‘ T S : .
a z(‘o"e" - - as)
_ s g | o

- h CITE A W .

U m(‘.o T‘*‘r) T (18)

e

B EB’ is the 4th derlvatlve of positlon err or estimate at the beginning of a step ‘and '

?I is the second derivative of Stumpff Weiss error estimate at the end of the step.



" INPUT PARAMETERS

The: followlng input phramete ra are required for all 4 options.

Pa r-amete rs

4-Body Progr-a.ms ,

GLl -
AUM
UTIME
UVELM

MS

, ME | '
MM

" REEO.

V&R

| “M .(m’oc_m)_‘ .

‘Symbol or Defiriition

1 unit of distance in
meters-

1 unit of time in dayse |

1m/sin diménsionles'é

‘velocity

Bg (sun)’

pg (earth)

FSTEHG)
Vau ty )y

am
R —SM(t 0)

—

Vamite)

3-Body Pri::gr_a'ms (Ref. 4 and 6)-

GAMMA -
UM
UTIMIE

UVELM -

1 unit of dietance in
meters '

1 unlt of time

-1 m/a in dlmenaionlesa ‘

veloc 1ty

14

" Suggested Value

1. 001098 x 10”2
1 49597893 x 108 m

58,1323577631 days

3. 35742409867 x 10°°

9. 99996959568 x 107

' 3.00348453188 x 1075

. 3.69431224671 x 20

7y = 0.150935

'yL‘z' = -0,187833

.3.8441 x108'm
104, 382/24 days.

'1/1023.17 m/s



ME o learth) .. .9878403

MM gy (moon) L o21507
REMO . Egt)
VEMO - - Vauty)

- Common to both 4- and 3-Body Prog_rarria :

Fla.g to compﬁte primer IPV = O, no

PV, vector ... L yes
IPTRAJ {IPTJX) Flag to print trajectery IPTRAIJ (IPTJX) = 0, no
‘ each time step . o 1, yes. -
IFILEX (IFILE) Flag to file data each  IFILEX (IFILE) = 0 , no
: time step o ‘ : .1, yes
_ . . Allowable slngle step
ERRMXM  position error in " 150 m or higher
' S ' meters ' ) '
o e _ Dtmetialonleés . e . '
ERRM.AX, B ERRMXM = - 10 7 or higher .
_ . _Startixig time in days
TD_AYQ - . from reference date
TRIPD  Trip time in days

. The following input parameters are required for Davidon's variance
glgorithm used in ETP2I (ETP2I3) and: PTP31 (PTP313), See Ref. 2, Appendix A.
S . - 10 tor ETP2I (RTP23)
EPS oo € e .
L - 10" for PTP3L (PTP3I3)

5



ICOMV

. EPSV

‘Davidon's Variance matrix.

£ ICOMV =1, this input is not

_needed and the program will

compute an estimate. Oncea
working V mafrik.hé.a been
devel'opéd througﬁ iterations, it
should:be used in a new run to
continue {teration. . '

‘Flag to co.mpixte V.

ICOMV =6, no ({input V)
1, yes ' ‘

Small number to scale down
V matrix if ICOMV = 1, 1t specifi¢s .

. the magnitude of the first step in the

gradient direction. A typical value ‘
is about 107°. -



PROGRAM

{niot used in 3-quy:)

THED

LOND

REVO.

VEVOP-

"RSVO -

VSVI

'VEV, o

,A.. [nput Parameters
Parameters ' Sz bol _
IMODE
. IMODE &1-

.REVMAG IR'EV(tO)I
' VEVMAG AR

EV Yo
“OINCD -t (deg)
OBLD _ OBL (deg)

@ (deg)
- (deg)

IMODE =2

Rpylty)
e )

" IMODE =38

Fsv@ |

v o)

sv

TRAJATRAJ3)

Definition/ Value -

* Mode to select input
IMODE =1, 2, or 3

4.38739157152 x 10™° for 100 n.m.

parking o'rbl'i_:.

- Estimate of debérjture velocity

mégnttude'wlth resp_é(:t to earth.
Indlination of earth parking orbit.

'Obliquity angle = 23, 44578743018259

deg between E-frame and e-frame,

Position of vehicle from ascending
node in orbital plane

Longitude of ascendmg node.

. Inputs of IMODE ‘= 1 or 2 are converted into position and velocity of vehicle

-~ in S-frame or e-frame.

subrouttne I"OU.’RBY (THRBDY)

C. (’)utput Pa ra.meter-s

Termtnal statea idre printed out,

The initial states are propagated to the fina.l time using

Statesd at each time step wlll be prlnted

ot if IPTRAJ = 1'and they ‘will be filed 1if IFILE =1,



PROGRAM EXLAM (EXLAM3)

A, - Input Parameters’ _

Pa‘rﬁrheters . -gmbou Unit " Definition/ Value -
- : o o Mbde to select input
. IMODE . . IMODE =1 or 2 ‘

_Same inputs for IMODE = 1 2 a8 shown under PROGRAM TRAJ (TRAJB)

S - Allcuwable error for stopping Newton- -
ERRMIN .

EMIN . " Rapheon methad (10710)
L Initial estimate of change in initial
KNR ‘velocity magnitude (1)
ITLMAX ‘_ ' . _ ' ' Maximum number of iterations (50)
RSVTAR . , ‘ﬁqvttf) S . Target pesition
' Flag to compute and print trajectory
o after convergence . {
IPTIX LPTIX 50, no
1, yes '
Flag to ‘compute and file trajectory
after convergence :

IFILEX 2.0, no .~ -
1, yes .

IFILEX

B. - Comgutatlon
. Program calls aubmuﬂne LAMB (LAMBS) to solve the boundary value
_problem, . : . .

'C.‘ ) ()utput Parameters

Outputs are given under subroutine LAMB (LAMB%) If'eit'hér IPTIJX =1or
-IFILEX =], the tra.jectory after oonvergence will be prlnted or filed or both '

18 .



' PROGRAM ETP2I (ETP2I3)

A  Input Parameters
Parameter - . Symbol.
ITAR
| REVMAG - Bggt)l
CoINCD L ildeg)”
{ OBLD - - OBL (deg)
TDAYO0 - Lty (ded)
" TTRIPD
VEVMAG IVEV(t )| -
LokD  © Qg
THED . 8tdeg)
KDX
EPSV -
- EPSTSI
ITERMX
CITAR®0:
AYMS T cAfm)
azm 0 Am)
* ATARD " Aram (deg)

| 4-Body;

RSE0D L Rgplt,)
VSEO - . S Vggltg) o
.'Rs.Mol o .RSM(t)

-'.Vsmoi_i ' ,:. l VSM(fo)-

' Definlti.on

Flag to input or cornpute target
ITAR =0, comp,ute‘
1, input-

te=to, (dgy)

fnltial value of'c'o'nsitrai.nt restoration
parameter (start with KDX = 1)

V- matrix scallng :

Allowdable conatraint vmlat:.on (10~ 0) .

© Max. No. '-of iterations
Parameter to deflne target on
Halo orbit. . .
_A = 2 x 10 km
J ‘. =1x 10 ‘km

Aragr "® Target position | measured

L f?om X, or X axis.

19



ITAR = 1.

RSVTAR

VSVTAR
3-Body:
REMO

VEMO

[TAR = 1:

REVTAR

" VEVTAR

SVTAB“H-'

.SVTAR“R'

R

VEM“O) :
Fpyranty

VEVTAR“’

B. Compgtatton
' See Ref, 2 appendix, program 1tst1ng and flow chart.

C. Inte rnal Parameters

" ALPHA, BETA

X

F

ALPHAM,BEEAM'-
' Cui'*r‘en‘t Trial 'Durnmjr
‘Variables Variables Varlables
xs . XD .
FS- . FD
G s 13'-" GD |
:FG FGs FGD -
st S8 TSID
LT Lts  LTD
a6 GGS GGD.
TESTR TESTRS TESTRD
.KDX.: L

Davidon algdri‘t‘hm parameters

. Davidon algofith'm pérameters :

Independent '\'ra-_ri._'aﬁle's

Cost

Cost gradient

Augmented cost

.C.bn'stratnt ' vigﬁlaﬂdﬁ
' Consfraint grad-ie;‘n:t
_Augmented coéf ﬁra&ient
| Magnitude of .co't.lsf:raint Vtoiatloh

Const raint re sto ration scahng

(inte mally ad,}usted)



KV

AU

'V matrix internsl scaling
. (internally determined)

Parameters to compute quantities
to update V matrix .

Estimate of twice the excess of cost

.above its minimum value. If
' P < EPS, ‘the problem is considered
to be converged: '



Program ETP2I and ETP2I3

| ; Nominal
-1 Trajectory

L ﬁ,%:(llsvﬁv{to)l’ a, . )

X-= Ihdebendént

Variables

<

I"Io” _~TConstraint
: . S_atlsﬂed-?. o~
" satisfy - : Yes.
Consgtraint >
" Iteration
Loop
Trial
.. Trajectory
_No Constraint ™
B Satisfled?
Satisefy
Constraint -
No Cost
« Reduced? .

Yed

l- Update X J _

Update .
V Matrix

No

Exit

21A.
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. PROGRAM PTP3I{(PTPSIS)

A, Input Papﬁmetérs
. Parameters - Symbol S B ' D'efinlﬂun
4-Body: s - -
RSVO . Rgylty) | |
. VEVo. o _ VSV'(t R : Velocity béfore_,in_iﬁal ‘impulse
vswi . VSV-““O) , " Velocity after ir_xirfls,]. {impulse
RSEO | P ’FSE“O)
VSEO. . Vgglt)

RSMO oo FSM'(tO)

VEMO - vSM(.to) N

.VSVMP. = V'SM+{t m ' : Velocity after interior impulse
oo™ tm S N Time of interior impulse

“RSVTAR * BSVTAR(tf? | : ' Target position

VSVTAR Target velocity

- Vevrar®y

*'3-Body:

REvo Tty |
‘vao | .: ‘iTEfo_t o) Veloeity befp're impulse
VEVOP | _ VEV_+(f o)-_ o . o ‘Velocity after impulse
- REMO Reatty o
- VE}'MP . : ‘T.;‘E‘v,""(t‘m)- B .Vél_ocity 'affer.lntgrtor_‘impulae'l
| ™ | .. tm : R ' R Timé of in'tita-ric%lr_lm'puise o

ez



* Common to 4-Body and 3-Body:

Maximum number of Lambert

ITLMAX o
: MA fterations
o * Number of increments to solve

ILINC. Lambert problem
o Maximum number of Davidon
ITDMAX terations

FMINM L S o : Estimated minimun value of &4V (m/s)
KNR e ~ Lambert iteration parameter

o {use KNR =1 to start)

mRRMIN © Allowable constraint violation (107%)

. B ' Comgutatlon . _
- See Ref.’ 2, program listlng and flow chart o o 4 o

. Intebnal Parsmetérs
- 8G . S ) Projection of cost gradient on
' ‘ search direction,
ALPHA ~ . . . o " Step size In search direction
QGS ) - S ' . . ' .Projectlon of trial point cost
‘ ' ' gradient on search direction. Ita
slgn e used to determtne whether
- as interpolatlon or. a reduction of '
'interval is to be made._
‘R, RC L — ' ‘ Parameterg to-update V matrix, .
‘ S ' R used in trial step. RC used in
interpolation.
AL?HAC R L ' | : Steplsize in search _dlr'ect'i.on L
' ‘ ' dete rmined by cubic interpolation.
.P‘,"PC o R - Parameters to update V matrix,
o E P uged'in trtal step PC uged in .

interpolation
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EPS o - i i-x"mgrhit'ude of-cost‘gradi.ent-is less
o o ' then EPS, the problem I considered
.to be converged. . o

N . - - o Cost
GMAG - - B e o Magnitude of cost gradlent
GSMAG L B | : - . | " -Magnitude of coat_gradlent of a
‘ ' tnal point, o
' GCMAG :'_ .' v . | s ' . . | - ' Magmtude of cost gradlent of an

interpolated pomt.

RMAGV ' . ” _. - | | | ‘Magr‘iitude of R ‘
RCMAG | TR Magnitude of RC.
- FS o S : - o * Cost of a trial polnt.
- FC '4 B ) j_l L o ‘ 'Ce_st of an interpuleted eoint.
DG S ' . le'i’erence ilﬁr'costlgr'-adient. |
- D'f( o o | L o Change in i.':;delpendent variable te '

comprute B trial point.

DXC i = o Sl Change in lndependent varlable to‘
' ' compute an interpolated point.

PVMMAG, PVPMAG ' gee subroutine COMG

b5 %toppir;g ptmns

The programmed stopping condition 15 when GMAG is reduced to less than
EPS. However, one should stop the iteration if F is not decreasing algnificantly
from one ite ration to the next On the other ‘hand, it may be necessary to continue
iteration to aatlsfy the €ondition that PVMMAG Is nearly equal to PV PMAG..
(See comment in Ex. 4, )

.24



' Prografn PTP3I and PTP313 .

Nominal
Trajectory

TIteration
- Loop

Trial
Trajectory

Update
-~V Matrix

¥ . = Independent Variables

= +
R T T PN
Vo e V'SV (to) or V.Ev (t )

o]

<Interpolation

o

No Cost

| . : Rediced
[ Reduce R | Yes
_-Intgrvsl ‘

Restart

- _.Yes
Remet. . -
V. Matrix
Update X

24A

Cubie - - i

Interpolation

“Tris

Traject'ory

Update
V. Matrix

" Reduce
Interval




| ‘ | INPUT DATA 'bmc:':z{'s:
.Prpgfam_ ,'i;R_A.T o :j. .
. Card No. | Fé):t'ma't S Parameters
A S 4;;2_'6-.1; o GLL, AUM, UTIME, UVELM
e ) 'ébz‘q'.n ‘MS' ME, MM ”
g i IR IMODE, [PV, _rPTﬁAJ, IFILE
4 L 4‘1326._1-1_‘ 3 ‘- RSEO(1), RSE0(2), #sy:_ots;. VSEO(1)
5 _' - 4p20.11 . VSEO0(2), VSEO(3), 'hsMo'n. ﬁsmdtz)"
T ‘4'1)20.'11 C RSMO(3), VSMO(D), VSMO(2), -VS_MO{L_’J
(R _'313_2_0“.:'11 . TDAY0, TRIPD, ERRMXM |
: ;I_‘iae abp.vé ’f.inﬁut cards are nééde_d for ;11 modes. The '-fﬁlloi;ing zlca'rdls

depend on the mode selected A : o o |
. IMODE =1
B | 4p20.m  BEVMAG; VEVMAG, OINCD, OBLD.
g 2peo.m 'LOND, THED
IMODE = 2
s 4D2o.n REVOM), REVO(2), REVO(3), VEVOP()
o - . 2pz0.m © VEVOP(2), VEVOP(3)
- 'IMODE = 3
'§ .. - -.4D20.. - RSVO(D, RSVO(2), RSVO(3), VSVIY)
‘e 2p20.m  VEVIZ), VSVI3)
_‘ ‘The following 2 Input.cards are needed if Py 1 :
10 4D20.11 - BVo(QU, PVO(E), PVo(), PVvo(4)

‘n 0 zpeim - PVOIS), PVOE)
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‘Prng“rani TRAJS

Card No, -+ =~ Format : Parameters .

1 - apzo.n GAMMA, UDM, 'UTIME, UVELM
2 ‘z-Dzzo.n__ . ME, MM
3 ] _4'1:)20._11“-‘ " IMODE, [PV, IPTEAJ IFILE
4 *41_‘:;20._11; Emnu), REMO[E) REMO(S) vr«:mom
s apeom -"VEMO(Z). VEMO(S) |

& - spgom TDAY0, TRIPD, ERRMXM

The above 8 input cards are needed for 21l modes. The following 2 cards
depend on the mode aelected, '

IMODE = 1
FE ‘4‘1:.)20.11  REVMAG, VEVﬂ!gG, OINCD, LOND
B 1p20.11 ) THED'

IMODE = 2 |
| :7 _"-'41::2.'0.11 N REVO(), REV0(2), REVO(3), VEVOP(1)

8 2p20.1 - VEVOP(2), VEVOP(3)

The foilowjlng 2 cards are needed if IPV =1 .
o 4pgo.u  PVO(), PVO(2), PVO(3), PVO(4).

1 zpzon PVQ (5), PVO(6)
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" Program EXLAM

Card No. Format Parameters ”
1 4bzo.m . GLI, AUM, UTIME, UVELM -

"2 sp0.li . MS, ME, MM

3. o ~ IMODE, ITLMAX, IPTJX, IFILEX
4 o 4520-,11'. o R:SEO(I),."RS_EO(Z). RSE0(3), 'v'sE'cu')
B 4D20,1  VSEO(2), VSEO(3), RSMO(D), RSMO(2)
6 .~ ap20m - RSMO(3), VSMOL), vSMO(2), VSMO(3)
T 3p20,11 . TDAYO, TRIPD, ERR.MXM |
8 o -4 0‘20'. 1 o RSVTAR(), RSVTARQ).--RSVTAH(:), ‘E.RRMI'N.
9 B 1D20.11 . KNR |

‘ ‘The sbove B cards are needed for all modes. “The following cards depend "
on the mode selected, ' - - : L

- IMODE =1
10 . 4pzo.1 REVMAG, VEVMAG, OINCD, OBLD
m . zp20.m LOND, THED'

IMODE = 2 -

0 . . 4po.n REVO(1), REVO(2), REV0(3), VEVOPR(])
n . 2p20m VEVOP(z), VEVOR(S)
IMODE = 3
10 4pzo.l - RSVO(l), RSVO(2), RSVO(3), VSVIQ)
W zpzoan . VSVI2), VEVI®)
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_Program EXLAMS

Card Neo., Format
T R
2 "2p20.11
IR 415
4 4D20.11
5 220,11
| 6 snéo.n_
7 4D20,11
3 |

on thé mode seléctéd; -

10

10 .

11D20.11

‘Parameters

" GAMMA, UDM, UTIME, UVELM

ME, MM
IMODE, ITLMAX, IPTJX, IFILEX

REMO(1), REMO0(2), REMO(3), VEMO(1)"

- VEMO(2); VEMO(3)
. TDAY0, TRIPD, ERRMXM

' REVTAR(!), REVTAR(2), REVTAR(3), ERRMIN

KNR

. The above 8 cards are needed for all modes. The foll.pwi.ng cards depend }'

4D20.11 .

1D20. 11

4D20,11

2D20,11

IMODE = 1

REVMAG, VEVMAG, OINCD, LOND

~ THED

IMODE = 2

REVO(l), REV0(2), REV0(3), VEVOP®)

VEVOP(2), VEVOP(3)
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‘Program ETP2I

Card No. - V.Fbrr'pat- - Parameters .

1 4pgou | GLI, AUM, UTIME, UVELM -

2 . aD20.1 -  MS, ME, MM |
3 4D20.11 | . ‘REVM'AG', OINCD, OBLD, 'ERRMXM
4 sp20.m  TDAYO, TTRIPD o |
5 ':-:iriz‘o.n VEVMAG, LOND, THED

8 sp20.1° RSEO(), RSEO(2), RSEO(3), VSEO(L)
7 | 7 4bio.u' ~ VSE@2), VSEO(3), RSMO(1), RSMO(3)
. - 4p20.70 'RSMO(3), VSMO(D), VSMO(2), v.s_m(s')
9 | k 1[520‘.11 ~ EPS, EPSTSI, Kbx, EP.sv. .
10 ) ,4'1-‘5':. | tccjmv,_ ITEéMx, iFILEX, ITAR B

The next 1 or 2 cards depénd on ITAR.

ITAR =0

n - spzo.m AYM, AYZ, ATARD
ITAR =1

1 ‘QD-ZO-'.I]. RSVTAR(].), RSVTAR(?), RSV'TAR(3), VSVTAR(I}
12 . 2p20.1  © VSVTAR(2), VSVTAR(G)

Th'e following 3 cards are needed only if ICOMV = 0.
1w apDzo. V(L D, VAL 2), VA, 3, VR,
4 . ap20.ll  V(2, B) V(z, %), V(3 D V@, )
B sD20.1 0 VIS, ) ol 500 o

EEEIE S U S A T
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P.rﬁgcam ETP2I3
Card No, - Format ' 7  Parameters _ .
T _q.nzo.fn, o GAMMA, UDM, UTIME, UVE;.M-

2 "jz-nz,o.li | MEMM _‘ - B

3 o 3D20. 11 X REVMAG:, OINCD, ERRMXM
Sy o '.2“1'32.0'."1.1'“ o TDAYO, TTRIPD |

e ' 31)20. 11’ " vamG. LOND, THED |

. - | 4b2“0.._11l © REMO(), REMO(2), REMO(3), VEMO(Y) -

7 ~ zpzo.m VEMO(2);, VEMO(3) S

8 4pzo.m ' EPS, EPSTSI KDX, EPSV
' "9' 't  Icomv, ITER:MX, IFILEX, ITAR

o . 'fhe'ne'xtlllor_' 2 cards dgﬁeﬁd_ on ITAR L | _ . L

| ITAR = 0
0 3D20.11 | AY_M,' AZM, ATARD
| ITAR =1
n o apzom i;E\'}TA;i(l), 'REv?rAB(,_z). REvTAR(sy,.-y_EVTAmn 
1w . aeom VEVTAR@), VEVTAR®) |
'I;t:.e foliovélng 3 carzds-ﬁ_r-g :nee:ade'd ox;lly_lif ICO'MV' = .0. '
13 apo.q ova, va, B, Vv, 9, Vg,
O sp20.m v, 2, Ve, B, V&, B VE, D

15 . . ..4D20.1 - ¥3,°3)

FAREES I e o0 Fon L sE e T
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Program PTPSI

CardNo. ~ Format ~ Puremeters |

1. apeo.l . GLL AUM, UTIME, UVELM
2 sbeom "1'\‘45, ME, MM
3 Ipeo. TSTART, TM, TEND
4 . '-‘_41,)20;_11.' - RSEO(I}. R$E0(2), RSE0(3), VSEO()

5. . 4pzo.n | VSEO(2), VSEO(3), RSMO(1), RSMO(2)

8 o _4'1:,26.11 : lVRSMO(B), VSis)mu), VSMO(2), VSMO(3)

7 B .‘iDﬁO.ll'. | RSVO(), RSVO(2), RSVO(3),. VSVOQ) . -

& 2pzo.m VEVO(2), VSVO(3) |

) | sp20.11 VSVIQ), VSVL), VSVI), vs’vm_'m‘

1 ébzb_._u- VSVMP(2), VSVMP(3) |
n 4p20.1 . RSVTAR(Q), RSVTAR(2), RSV'IA’R(:), vévmnm”_
12 S 2132,&:.1:1' o ﬁsvmm), VSVTAR(3) I

13 . oo KNR, ﬁiah_mm, f:l%nM'xM

ia:_ o 31'3_20'.'._11. | 'FMINM; EPS EPSV o

B 7'-515 ) ICOMV, ITLMAX, TLINC, ITbmk, 1FILEX

~The EOIIOWing 4 cards are négded only'rl‘f ICOMYV =0,

8 - dp2om v, v, 2), va, 3, VL, 4
wm . apem Ve, by e, 2),'v<2',‘ 3), vz, 9
48 . apzo.ut Vi3, 1), V3, 2), V{4, 1), V3, 4)

19 4p2om i b, v, 2), Vi4, 3), V(4, 4)
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* Pr‘ogram PTPIs

Card No, .Format
3 4p20,11
'2 _ 215_20.11_ -
3 a-Dz_b.ﬁ :
4 41’320.11
5 2D‘26..ii
6 4p20.11
| 21320.:11_
8 4D20,11
9 2020, 11
10 - 4D20.11
u | zbz§,11 .
Rt | '__"snzo'.'u
'_ 13 ' 3'._1)_.20.'11
u s

15

16

17

18

Parameters

GAMMA, UDM, UTIME, UVELM -

‘ME, MM
| TSTART, TM, TEND

_ REMO(), REMO(2), REMO(3), VEMO)

VEMO(2), VEMO(3)

REVO(), REV0(2), REVO(3), VEVO()

VEVO(2), VEVO(3)

'VEVOP(), VEVOP(2), VEVOP(?), \EVMPQ)

VEVMP(2), VEVMP(3)
REVTAR(I), REVTAR(2), REVTAR(S), VEVTAR()

VEVTAR(2), VEVTAR()

' KNR, ERRMIN, ERRMXM

FMINM, EPS, EPSV

ICOMY, ITLMAX, ILINC, ITDMAX, [FILEX

The following 4 cards are needed only if ICOMV =0,

" 4pzo.m

4D20.11

ap20.11

4D20.11

va, 1), v(l, 2), v, 3), V{1, 4)
v(z, 1), V{2, 2), V(2, 3), V(2, 4
Vs, 1), VG, 2), V3, 9, VG, 4

Vis, 1), V(4, 2), V(4; 8), Vi4, 8
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' - PROGRAM PRINTOUT DESCRIPTION -
‘ A'LPHA S o C Step size m.aéarch direction or Davidon alorithm paramete‘r-
ALPHAC ‘Btep size in cublc interpolation

ANGE. © Subtended angle at earth.(dég)’

A‘NGM - L | Subten‘de‘d angle at moon (deg)
AN_G'S o : ' Subtended anglelat sun (deg)
"'ANG',V_ I .‘ _ ' . :Subtenaed aﬁgle at_spgcec%aft {deg).
- ATARD“ : .‘ ; ifg;ﬂameter tc-y defi'rie-Hs.lo c.:rk;it (deg)
amMo L 1 Untt of distance in meters (4-body)
AYM - R o Para'me,trerlto‘ define Halo orbit (mete'r). l.
, _AZM o " Parameter to défine Ha_lb ;?_lf‘-)it ( met'e_r): ll _ ‘ ‘;
l‘alETAV S o .ngidon algorithm pérérﬁe’téf |
: DG‘ ; R - _ Cq.st gradient difference
IJIEIM.?C o o Change in {ndepgndent.va:rlab'le
| DGC - . Cost gradiént difference R
- I.}RM o . Change in _in.t'.e bio-r; impi_::l_ae position
npnuvy . ‘ ‘ ) ,lT'r-ifhcr- .vec:t.df- der-ivn-l.;ivérat 1n_itial,'tlme
'}.)UVMIVl! : ' ~ Primer veétqf éerivatiye.befofe i.nte'rlor.'lmpulsé
DU_.VMP R Prlmer,;.rédfcbr d-e,rivagilve after-. interior";mpulé'e o
',"';;)Vl--ﬂ- o Cost
VL _ R finpulqe at ‘tr,x.lt[al time
I")Vl"MA(i - D Mggnitudg ;)'f initial _lfnpulae
‘I')‘VMIV o o L . r.nfertor impulse -
: i)v-ﬁMAc: : '_ ' Magﬁ.tztude‘qf interior 1mpu'1§e .
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DVMPX

hvr

‘ 'DVFMAG
DVFMPS

DVIMPS

DVMPS.

 DVMMPS

DX
DRC

‘ EPS

EPSTSI

EPSV

ERR
ERRMAX
'ERRM.IN ‘
ERRMXM
.

FC
e
Fa

| FGS

FMINM

FS.

Change in interior impulse

Impulse at terminal time

Magnitude of terminal impulse

.Cost of terminal impulse (MPS)
Cost of initial impulse (MPS)

' Total cost (Mf_’S)

Cost of interior impulse (MPS)
Change in independent variables
Change in independent variables .

Parameter to terminate Davidon iterations

~ Allowable términal constraint violatioﬁ :
' Factor to scale down variance matrix
. C'onstrai.ﬁt violation in Lambert ite‘ratl'o_n E

'Ailgwable single ste§ po&i.tioﬁ error

Allowsble Lambert conﬁtraint' violation

"~ Allowable sl_ngl'e step position error "meter) N
Cost

' - Cost in cubic interpolation

Cost

Augmented cost

}_Aﬁgr'ne nted cost

Estimated cost (MPS)

Cost

_Cost gradient
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GAMMA
Ge
 GCMAG

ap
-GG
Ges
eu
GMAG
as.
GSMAG
H

HDAY

1COMV

IPILE
" {FILEX

~ILINC

IMODE .

IMTX

IPTIX )

IPTRAS

1PV
IPVTM
ISTEP

ITAR

parameter to define libration point (3-body) ~

'Cost gradient in cubic interpolation -

Magnltudé of cost gradient-
Cost radient

Aﬁgmatned cont gradlent

_ Augmented cost gradient

Parameter to define L1 libration point (4-bod.y}'

. Magnitude of cost gradient
Cost gradient

* Magnitude of cost gradient. -

Computed step size in state e‘:‘ctrapdia_tl‘on; ‘

- Btep size in da‘.ys‘ .

' Flag to compute variance matiix

Flag to file trajectory data

' Flag to file trajectory data

‘Number of Lambert incrementa

f"lag to select mode of initial condition

" Flag to compute state tra‘néitioﬁ matrix

Flag to print trajectory
IMlag to print trajectory-
Flag to compute primer vector

Flag to monitor primer vector magnitude_hia'totfy

. Number of Lntégra:tion steps.

Flag to cbﬂiﬁuté target position and 'veldéity on Halo orbit - -



I''DMAX . . ' Maximum..numb.e'r of bavidon iterations ‘

ITER - _ ‘ N.um.ber. of itér'_b.tion in Lambe rt routine
'[TERi_) | o 2 Number of Davidon iterations
ITERL - o - "Number of Lambert increment
ITER.MX.' o - "Maxim‘unc; of Davidon ite-fatiéﬂs
.l'I‘I;.I\;rlA)-( B " Maxtmum number of Lambert itératio_ng |
KDX - S o _Paramegte'r to scale indepgndent variables in cc;nst;;atnt"reforation
KNR 5 . : ) Z-Paramete&r 'tlé.seéle i.nd_ependént variables lin Lhtﬁbér; tt-e ration.
4 KV T *. - Parameter to scale variance matrix. |
_ LDM' - | h ' _.De't-;lva'giw;e ofl primer vector magnitude
IDTM . " . Déri\fatlve ér m:;xifnum‘primeblvector magn;tﬁdé ' i
7 LOHD - . Longitude di‘ras‘)cgﬁldlng node | &ég)‘ |
LM ' . o | Mﬁgnitﬁ&e lgf prirﬂer'- vector |
IT . " Constraint gradient tlnat'ri.x
:IdTM. | . R Ma._xrlmum‘prim.e-r.vector maéhi.j.ude
ME R Gx’-##itationajl constant of earth |
MM : o Gravitational cl:o'nstan't‘.of moon
Ms . Gravitational constant ot’ sun.
OBLD | | f © Obliquity angle (deg)
| OIﬁCD " Orbital inclination (deg)
. P | - ' Dayidon élgorithrﬁ parametér (iteratlbn éto‘ps 1I Pis léas ‘

than EPS in ETP2I or ETP2I3)

pc - . Davidon algorithm parameter
PV - ~ Primer vector and derivative
PVO : © .. Primer vector and derivative at inltlal time.

s



.RVMMAG

PVEMAG . -

"R
RC

"RCMAG

RDED

RDLID.
RDMD
RDSD
.upvp
.~ REL
IHEM
REMO
REQF,
" REV
néyF

- REVM

" REVMAG

REVMX

REVO

REVMD..

REVTAR

Projection of primer vector derivative on primer vector
before interior impulse ' ' ‘

. 'Projection of primer vector derivative-on'primer vector
after interior impulse ‘

" ‘Davidon algorithm parameters
" Davidon slgorithm parameters in cubic interpolation

Magnitude of RC

Position of earth in rotating coordinates

Position of L1 libration point in rotating coordinates

" Position of moon in rotating coordinates

Position of sun in rotating coordinates

. Position of spacecraft in rotating coordinates _
) Position of libration poinf wrt earth

" Position of moon wrt earth

Position of moon wrt earth at ii;itial time -

' Position of moon wrt earth at terminal time

Poslti{m of spacecraft wrt earth
Positlon of epacecraft wrt earth at terminal time
Position of spacecraft wrt earth at interior impulae time

Distance of spacecraft to ea'r&thi

- Change of pos‘itiorirof spacec raft wrt eacth at {nterior
_ impulae time ‘ ) o

" Position of ppacecraft wrt earth at initial time

Position of spacecraft wrt earth at interior impulse time

Target position wrt. earth
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RLTARL ~~  Target position wrt libratlon point

RMAG SR Magnitude of R_.

4 ]%MV- '_ S ‘Po:ss‘l-tibni of spacecraft wrt moon

RMVF ) o lPositi'on oi‘_ éﬁacec raft wrt moon at t.er'mina.l‘tirr‘ie
- BM VIA\J;IAG\ | 7 ' D{staﬁce of s.pai:e;:_raft to rﬁﬁon |

RSE - o :_ Position of earth wrt sun

IH&.O B _ 'Position of earth wrt ‘sun" at in.itial.time

fnsn_z:;r ‘ o - ‘Positi‘on‘ 3;_ earth wrt sun at terminal time '_

RSL1 '_ - Position of LI libration point wrt sun

RSM o | o ‘Pt.)‘-itlon‘of moon _wbt sun - o

RSMO : " Position of moon wrt sun at ‘lhitial time _.

HSMF | . Position of moon wrt: sun at terminal tln.1e‘ :

RSV _ o | 'Poéllt.lop of-éﬁace_clrgft ert ‘sh_ull'_

RSVO - | P ‘Position of spaceér@ftl wrr.‘t sufi at Inltial time

RSVF . | ': . -Posit'i.oﬁ of spapecr.aft \'wrt sun p.t teffninal t-in.-ue'

BSVM _ ‘ e P_oé.itioh of spﬁcecraft wrt sun a1; interior im]-mlse time
RS;\!MAG L - Diétépcé-b'f ép.acecrraft to su‘n. |

CRSVMD _Position of moon wrt sun at interior irﬁpulée time
REVMX S Spacecralt position wrt sun at interioé_‘i‘mp{nséf
, ﬁsv_fr;\n o o _T#rget position wrt sun ._

H'I“M _ - ‘ I’(}Si;tl‘on‘ of gpgégp'raﬂ: -a't maximum primé_r véc.tor-ma'gt-lltude
H T | | “ "~ Davidon al.g'o'r_'iti._]m ﬂéarch dlrl'ec_:'tiﬂn | |
sGo ' | :‘_ 2 o i’rojecﬁén of cost grgdiept on éear;:h d.ir-er;tlo_n

‘SG_S- I | ijéction of coat._ grhd_ient on searchdir'ecf_ibn_



.
- TO
. TDAY
TPAYO
TDAYF
. TEND

TESTR

TESTRD

TESTRS

“TF
THED

T™

TRIPI}

_ "_rsx_ :
TSID

88
TSTART
T’I‘M__‘
TTRIP
TTRIPD
uDM

* UTIME
| U\_/ﬁLM

UVF.

Time

" Initial time

Time in day

Initial time in day
Terminal time in day

. Terminal time

Magnitude of constraint violation

Magnitude of constraint vlolaﬁon

Magnitude of constraint violation

Terminal time

" Position of spacecraft from li_né- of node (deg)

Interior impulse time
Trip time in day

Conétrai‘nt vidla.tion-

C_onst'rair;t viplation -
'Constraint violation
Initial time

‘Time of maximurm primer vector magnitude

Trip time

~ Trip time in day

1 Unit of distance in meters (3-body)

1 Unit of time in days

: : 1 MPS in dimensionless velqcity

_ Unit vector of terminal impulse
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L UVI : : '_ . Unit vector of initial impulse

UvVM : " & :Unit vector of ini_:érllor impulse
v ‘ .: ' Varia.‘nce‘ matrix o
VDED S o Vélo,eltf_uf earth. in rotating coordinates |
VDLID e o :Veloclty of L1 itﬁrgt:bn point in rotatigi; mf:qordlnate& '
: VI)MD . o * Velocity of moon'in rotating cbord’mates’ | |
‘)D’SD o " . Veloeity of sun in .r‘otatlﬁg coordinates
4 YDVD - Vﬂocity of épacecrp.ft in rotating cdordinatég
VEL . * Velocity of libré-tion point wrt es;,rth . |
_ VEM o e - Velocity of moon virt..earth
VEMO _Vel*ociﬁ.fr of moon wrt earth at mitiai time
: VEMF' | B | - Velocity of tﬁoon wrt earth at terminal tlrhe' |
;ﬂlEV : B o . Veloéity of spacecraff wrt Iearth
VE_V.O. ) . Velocity of spacecraft wrt earth at initial time before irnpulse
\‘."EVOP‘ o o Velocity of apacecrart wrt earth at‘ter initial impulse
_V.E VMP N ' 'Veloclty of spacecraft wrt earth after interior lmpulae
VEVMPX : | ‘Spacecraft velocxty wrt earth after inte rior impulse
VEVF, L c _Veldcl_ty' of spacecraft wrt g’érth at terminal time
_V‘EVMAG : | Magﬁltude of spacecraft i;elécity wrt ear.th‘ |
VEVMPﬁ _ . ' Velocity of spacecraft wrt earth after mte nor. impulse
VEVMPS _ ' Magnitude of spacecraft veloclty wrt earth in MPS
VEVTAR o . .frarget veluclty wrt earth |
vrr o Initial véloclty in;Lamberrt tferatl.on .
VL’I"ARL. S Velocity of farge__tv}r't libration pqint |
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vmy
VMVF "’
vse
VSEO

VSEF -
VSM
VSMO |

VSMF

- y8sY

VS8VI

. VSVMPX

VSVF
. VSVMP
'vsv'MP_D.
VSVO
.ysﬁTAn
CVIM .
x

XC

x>

X8

" Velocity of apacecraft wrt moon

. Velocity of spacecraft wrt moon at _termiﬁal time

Velocity of earth wrt sun

Veloéity of earth wrt sun &t initial time

-Velqc'ity of earth wrt sun at teérminal time
" Velocity of L1 libration point wrt sun

~ Velocity of moon wrt sun

Velocity of moon wrt sun at initial time

' Veloctty of moon wrt sun at terminal time

Velocity of spacecraft wrt Bun

Velocity of spacecralt wrt sun after initial impulse

Spacecraft velocity wrt sun after interior impulse

 Velocity of spacecraft wrt sun at terminal time

Vélocity of apac’éc ralt wri sun after interior impulse

Veiocity of spacecraft wr_t' sun after interior impulse

Velocity of spacecraft wrt sun at initial time before impulse

Target velocity wrt sun

Velocity of spacecraft at maximum primer vector magnitude

" Independent variables in Davidon iterations

Indepéndent variables in cublc interpolation.
Independent variables

Independent variable 5'

9



A,

Subroutine FOURBY

Input Parameters

. Parameter ~ symbot - o  Deftnition

XTO . Tt

XTF .

RSVO | __'Fsv.“_é’
- vsvo Vaytty)

RSEO - Fgplty)

VSE0 . VSE(t;)

RSMO . } 'ﬁSM(;O}

vsf(io. - Voplty) “

PVO T(ié),'.f(to) o ‘Primer vector aﬁ& derivative

B..  Output Parameteré -

RSVIY . R’sv(tfi

VSVD ‘ _-,Vs'v(tf)“,

“RSED . ﬁ_sﬂ‘r’
- VSED ' VsEttf)

| RSMD - Rty

VSMD ?SM(tf> a

s, s:z,' 521,'322 ' ‘qo'(tf, t) : = . State transition matrlx

C. ComEutatlbﬁ o

Stepl. [ﬁiti_aiize running variables equal to input atates. -

Step .2' - Call RVEMV to compute Rpy, Vpy Byye YMye BEM‘ VEM,

XX XXX e b

‘RSV' ‘RSE. (RSM and J.

Step 3. Call CSTEP to compute step alze h,
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Step 4. . Call DISP

Step5. I IPV =1, call PVEC. .
B "If IFILE =1, call FDATA,
If IPTRAJ =1, call PTRAJ,

Step 6. Call TWOBDY to compute 8 conics:
LRsv VS_\J

[Fee Vae]

| [ﬁém- Vo)
[_ﬁE_v'l vEV] -l :

e Tl
[ﬁEMf vEw_x:l

Step 7. - Compute 3 perturbation vectors. Let:
15 j],= CONIC of § with respect to |

reference trajectory of j “with respect to 1.

[Rgv] - Fgy(@ - b Vgy®

syl - V_sv‘d)

[ﬁsﬁ_:] .‘-ﬁsg“” -h vs-ﬁkO)

(=N
<3
H

Vg - VSE]",‘.’SE'“”

‘o
=
n

SM [FSM]' Rm(® - B Vg (©)

e g
Vem = LVSM],-V-‘ Vgia®



dﬁE'v . ﬁlv] ".-ﬁE'V.(O) “h ir-'EV(oil
' ‘WEV = —‘TEV] 'TE\}‘OI
dRyy - [ﬁMV] ;-ﬁmv(o’- - hvﬁ{f@ ,
d?ﬁv = [vmv] - Vigy(® |
‘aﬁEM - ﬁEM:] ;-ﬁE'M.w) - b Vi (0)
W = [VE'M] - Ty

EM

Approximate pertu rbations

. dF, o + By
SE EV SM MV
BgtHE Bg T Hym =
= = dVgp * dVpy + " dVSM + dVMV
pg THp o g Tl : o
B o B -
e MR~ dR oy
g ¥ HMm bptey
M o - —
« —P Vg - al dVem
g+ . + ‘
Bs T EM HE © PMm
g — H —
g e dR +— = dR
: SE EM
Hgtep T BETHEM
“}_‘._' . ‘ H1 —_
" - Wy + ————— dVpy
Bp T Em

kgt

Compute reference trajectories

‘ﬁsv " [ﬁsv] +TP—RSV‘
Tgy [vsv]'fr Pysv

SV
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-' Step 8, |
St'eﬁ 10,
Step 11.

Step 12,

step 19,

Step 14.

. Step 15.

ol
it

SE k[-ﬁsr-:] l‘”fnsr:_ -

| R?SE | [VSEJ fFst

| ;ﬁsm [R—SM] * Pram

Vs = [Voul * Pusu

Rpy = -~ Rgp *R

|

Vey = " Vgp* Vgv

Ryy ° - Rgy *F,

Rem = - Age * Rom
Vem = “Vse *V

t = t+h

. Call DELRV to compute corrections,

Correct state vectors.

) .If'IMTX = 1,-‘update state tranaiﬂon matrix, -
‘Call DISP’

I [PV = 1, call PVEC,

it IFILE =1, call FDATA.

|1t IPTRAJ =1, call PTRAJ

Mtz . exit, |

. Call CSTEP.
- Go to Step 6.,
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€.  Computation

Sub routi._ne THRBDY

‘Definition

A.  Input Parameters
: ‘Pa'ra'mete':r-s, . M “
XTO té :
XTF t,
_ REV0 - ‘R‘Ev.(to)‘
VEVO eyt
 REMO -F'EM“;)
- VEMO ' _VEM(tD)
~PVO VY
B. Outj;ﬁt. Parameters
ngb ' “Rgylty)
VEVD : Veylty
. REMD ' Tty
. VEMD ' VE:M“P ‘
s, S12, sér, 522'. @ lte t) |

- Initialize running variables equal to input states.

Call CSTEPS to compute ‘step aize h, ‘RI;JV and J. -

HIPV =1, call PVEC =

call FDATAA

If IPTRAJ =1, call PTRAJ3,

Step 1.
Ste'p z.
-Ste_p 3. Call DISP3
. 'St_ep.4'- § .
: FIRTLE =1,
,éép 5.

Call TWOBDY to compute 3 conles: -

State transition matrix



'Step 8.
Step 2.
Step 10,

Step 11,

P

[Fev, %

R

BV, Vzv] -

‘M 'vEM]

[FMV' va] '

Step 6. '. ' Compute perturbation vector

REV © [RMV] - Fpgy(0) = h V(0

 Pypy * [VMV] - Vv

Step 7. C(_Smpute reference trajectories

F]-El'v’

e

VEv

Rem

v

R

YMmv

t

EM

fn

MV

[Fev]* Famy
[Tev] *Poav
(Fen]
(Vem]

-REM+R

EV
“Vem VeV
 t+h

Call DELRV3 to compﬁte correctlons. .

- Call DISP3

‘_(-'.‘orrec':t gtate vectors.

If IMTX = 1, update state transition matrix,
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Step 12.  If IPV = 1, call PVEC,
If IFILE = 1, call FDATAS.
If IPTRAJ =1, call PTRAJ3,

step13. Itz exit,

Step14.  Call CSTEPS.
o . Go to Step 5,
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Subroutine TWOBDY'

A, Input Parameters . .
Pa_ramefers o '-ggmbol-‘. ‘ R Definition
XRO - Rit)
S Xvo )
TAU - h o ' Step size
. MU . . R o Gravitational constant
' PSI ' - P , . Generalized eccecntric anomaly
IMTX - . IMTX Flgglt.o' compute gtate transition
: matrix: IMTX =0, no
' ' 1, yes
B. _ Output Parameters
XRE- ©Rit+n)
VRF ~ Vit+h)
pst - P
P _ o ® (t+, t) State transition matrix

C. ComEutétion
See Ref. (3).
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A, Input Parameéters:
Parameters - Symbol
ERRMAX € nax

'REV | Rpylt)

. RSE y .' - Rgplt)
RSV ' ,“sv“)
MV Ryt
RSM . - FSM(t)

" REM ' Repit)
TGO o : tgo.
B, Outpuf Parameters -

| | h

"DR4RSV ?‘l';";“;}‘(t)
D-R-‘LRASE. , :'E’;_é;(t)‘
DR4RSM Foom®

BIGS : J

c. Computation’ -

- 50

Subroutine CSTEP

Definltion -

Allowable single step pogition error

tf-t

Step size

4th Derivative of positien error

estimates

o { hi

jg=|?3 i
O3 I3



EBGVM

Buv | \ SM
'1- | 1 Puv |, Femy
BE FM [?“"5'(“3“1!\1 gy )(;‘—5“'.'3—‘3)
: mv  Bem
Ry
R—IS(I 3 Ugp Usp )(‘““"‘3 - EEMB)
Bsg Rgm  Rsm
(e ) (R
- Byy _ Rpv  FEM
 + 1 (x 3,6.‘?'1_ T)(EM +ﬁSE)]
73\~ 9 Usm Ysm 8/
~ Rsm | 'S
€ 1/4 ' '
(24 REX
()
.= UNIT (Rgy).
g
: -.-HUNI-T Ry

= pgbpl—y (-3 Ty T Tgy') ,(;"—*5*

, “SFM[.;}“B‘ 1'3_ﬁs§ﬁs‘v )(R v’*‘“"“'s

Rpv RSE) :
T Raos
Rgv . ‘Ev SE

' ' b3} R,
“‘""‘3‘ (1 3 Upy ¥ EVT) ( = RSE )]
Rey Rsv'  Mse

R -
Ram

“"“"‘3'(1 3ﬁmv Tty )( S\_f "‘-SMS)]

R

£ IIN:I'I‘ (HSM)
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Potp | g
- ) ) (T

. USE ‘ | _ sM
| Hy Bg - = T M- _ SE
T R.T - 3%y Yem ) (E_"a' 3_3)
Rem SM
Ay BE L R
N ) (T
CoTsmo EM SE |
o . ”4_“ * __ . — .
e~ g
bE by R,
¥ Q;E“"s“ (1 -3 “EM “EMT)(—""!R =y - ;EE‘:S)
EM SM

p | B T
}E—EHI\E (1-3% “SE Tgp ) (;‘E"MS - E'SM‘S)
SE EM SM

AN quantitlea are evaluated at the beglnning of an’ integratlon step. Ihis
greater than tgo. it 19 set to igo for the last atep._
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Subroutine CSTEP3

A, ' Input Parameters

Parameters "~ Symbols - Definition .

ERRMAX €nax . - Alipwab.l-e gingle step position error
REV i Rpylt)
CRMV. o B0

TGO L tgo — ' : Terminal time - present time
. B, . Qutput Parameters _
| ' h. : ' ~ Step aize
DR‘-}REV ) %;;tt) : r 4th Derivative o_l' position error
egtimate
S o | \ 1, NI
BIGS - P = 8 {
: 03 .
C. Computation o
' Fomot) g A . (1- 37, @ T) (wﬁMV + HEM)
REV “E M _"'"5__ EvigEv /\ 3 F 3
Ry ‘ R R
MV EM
Py (o 'T>< v Zowy
MV MV R
MV EV EM
H}:.Mtt) = 0
e (14
ho= (24 Smax
REV
Uy = UNIT (Rpgy)

Tyy = UNIT Ry

All quantlties are evaluated at the bheginning .of an itegrﬁ-tiqn gtep. If h is
~ greater then tgo, it is set to tgo for the last step.
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Subroutine

A Input Parameter-a

. Parameters R _Sl_..EEl

T - ' n

sV ﬁsvu+ﬁ)7_
REV Rvam).
RMY .“:HMvwm)
RSE ﬂﬁéEﬂ+hj -
RSM | Rgp(t+h)
l]’iEM HEM(Hh) ]
CREV [ﬁgvuﬂﬂ] ]
CREV Lﬁﬁt_v(,“h)]
CRMY | Byt
c:f.r{s-E- -_ .‘ [ﬁSE(th)]
CRSM A [ﬁsM(tﬂa)]
CREM | T (t.-l-h)}
DR4RSV ‘éqv“’

. DR4RSE %;;;ﬂn

|)Ti4.HSM & m(t)

i1 ()utput Par-ameter 8

‘iUth ) e ]
RVSV 'd?svu+h}..
RISE dRgpit+h) -

 RVSE - dVgpit+h)
RRSM ¥ '(._t+h)
RVSM _dVéMuﬂﬂ.

DELRV -

Definition

‘ Stei: size

' Coniea plus perturbatmns at end
of step

Conica at ‘e‘nd of step

4th derivative of position error
estimates at beginning of step.

Position and velocity corrections

computed by quadrature formula.’
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C. . Computation = -
| _ I)e-flne ) .
R (R gem] Riy

l[_RL j(t¥h)]l l'ﬁi‘ jl

(i, jj = (SV, EV, MV, SE, SM, EM)

. The .'aéclon.d -cle.rivatives of Stumpff-Weias pbsitior_x erroré aré given bj
&, nev "‘: bs Fm ?S‘.‘i. +ug (Fom +Fpy) ‘;M (Bsm : Mv)_
4, nsy;." : (“s* b1r) Fse f’*‘m (Fona = Fiem)
€, Rsm ™ (_""_'s . bing) B * "E (%se *+Fem)

The position and velocity corrections are computed by quadrature formulas |

below. '
2, . 2
— L h DN h T
dRgy ~ W(ERSVT +E, RSY)

‘ h . h2 P
WVgy = z(‘gsv"e' +4 gev)
"mw = m H.,p- - i] 'nsn:) :

[N ]
_._._-

. B -
Ve = 7 her 5 * 4, RSE)

ES‘ v RSM)

o grmee 2
Vg = %(RSMT “1 RSM) '




Subroutine DELRV3

A. Input Parameters
 Parameters’ - Symbol Definition
"H ‘ . . Step size
REEV T ﬁEV(Hh) . Conles plus perturbations at end-
S - Y o - of step. ' :
CREV - [yt \ o
‘ ) : ‘ Conics at end of step.
CRMY | [Fyyttsn ]
DR;REV N 3= (t) ‘ | _ 4th derivative of position error
' HEV ' estimate at beginning of step
B. . Out'p_ut Parameters
RBEY ER dRy(t+h) Position and velocity corrections 13
RVEV L GT L t4h) ‘computed by quadrature formula’ .
¢,  Computation _
petine . - . [& (t+h)]
o S *s-t, ‘ i EL . L -
S [[R (t+h)] |.
4, j) = (EV, MV)

The s_econd.der_ivative of Stumpff-Weiss position errors’ is given by
€, REV ~ F"E Spv * #m MV

'[‘he poaiticm and veloc lty correcttons by quadrature fdrmuia‘ are

lt-.'h‘

.n’i :m( nEV Y '%, _HEV)': o

2 ]

Vev 1 (‘.R:F_:V"B" +?‘1- REV)

Note thatithet‘e‘ia no error i.n moon‘s poaltmn and veloclty in a 3-body space.
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Subroutine COMIC

A .Input Para'.r'nleters
- Parameters | - - A.ﬁmbol
.nn:v“wA_q’ o ‘ro_ '
VEVMAG A
LCN 2 (rad)
THE 0 (rad)’
OINC i (rad)
OBL . OBL (rad)
:RSEp - 'V-ﬁSE{t 0.)
V810 Vaplty) |
8- Outputl?’a‘rar_nétc::.r'-s‘
REVO - Rgylty)
~VEVO '-”‘VEV-'(ta} _,
REVO Rgylty)
VSvo B Vgy ()
VSVI vsy;*(to)

¢, Computation

- Matrix to t_rrariéform a vector 'rom O-frame to e-Irame:

- =8in Q
ccos §

0

Definition
Hpyt)]
+.
Wr_v (t )|
* Longltude of ascending node

' Position of vehicle from ascending
‘line of node in orbital plane.

Qrbital inclination

. Obliquity angles

Velocity before impulse

Veloclty after impulse

o\ /1 0. .0\ [cos@ ~-sing O
0 0 cos i -gin i sin 8 cbs 6 0

1/ \e sini  cosi 0 Y

Matrix to tr'ansforhi a vector from e-frame to E-frame:
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| 1 0 0
ek - lo cos(OBL)  sin (OBL)
\o  -sin(OBL) cos (OBL)

= - E e
-REVgto) CrCql o
0
0 \ _
- 4+, . _ JE e
.VEV (to) -. Ce CQ o
' 0 /
Rgylty) = Fgglty) + Rgylty)
- v o 4
Vay ) = Vgplty) + Vpy ()
o) Uﬁrr (vt Y Jhe
BV (! , ev !/ VT,
Vv ) - VSE(tOHVEV’(tOi
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‘A.  Input Parameters
Parameter ‘ ) Szmbol
IiEVMAG_ . o
VEVMAG T,
LoN . Q(rad

. THE g (rad)
QINC 1 (rad)
B, Qutput Parameters

CREVO o R lt)
Vl.‘f\fﬂ ' VEV (to)

s +

VEVOPR VEV (to)

c. (Tdmgt_itation

Q

Subroutine COMIC3

Definition

IﬁEv(to)!

Ty 1)

Lot_lgitudé of as’;cénding node

- Position of vehicle [rom ascending

node in orbital plane’

Orbital inclination -

C € = _ mai:rlx to transferm a vector from O-frame to

" (given in COMIC)

hii

w

'..*. .
iy ()

_<!

ry

evite) =

r

0
e aE
cgl o
0
0\
e
Col Yo
0
S P
uNIT (Vi (6 )) =
: o]

59
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‘Subroutine COM¥G -

A, ' _l_gpig_ti?_g_raﬁieters
Parameters’ : Symbol
TSTART .
TEND t
REVMAG -
VEVMAG v,
[ON 0 (rad)
THE g (rad)
QINC { (rad)
OBL " OBL {rad)
. RSE0 Rgplt,)
VSEQ | Tplt,)
RSMO .BSM(tD)
VSMO . . VS.M(tO)
B. Qutput Parameters
D av
TRSTRY p
G g
TSID. 9
LTD LT
S, 812, 821, 822 @, t)
Vi Ty

60

Definition

Ryt )
— 4
IVEV (to)l

‘Longitude of ascending node

Poaition of vehicle [rom. ascending

node in orbital plane

"Orbital inclination

"Obliquity angle

av = [Vgyan - Vsvity!

¥ = Rgyltp) - Rgyqar

T 3
L =sw é! 8

3Fanttch Vaylty)
a(ﬁS\.{(to)' vsv(toa

gl

_ — b o N
v T UNIT (‘.’sv (t,) - Vsy (to'))



UVE

VI Uy = UNIT (VSVTAI{ - Vsy ‘*f’)

. Computation’

X

| , ('f or B 6}

. _ o .
Call COMIC to compute RSV(tD},- VSV (to), _VSV {to).
Call FOURBY "lto advance statea to tg and compute .

For the flrstl iteration, call CTAR to comﬁute —ﬁSVT Aﬁ‘ -_V’SVT AR

' A'i?o

AY

I

RSV(to)

Sv(_to)

L

€.

"

"VayrAR T

" + — '-‘
VSV (to) - VSV (to)

UNIT mvo)

Vsvity

UNIT (A'V’f)

Rsyltp - Rgyrar

alis.v_(t 0)
28’} G

30 .
3% X

Rgpity) ¥ Rpylty)

.
Veplty) * Vv &)

ARy ft )

D.EA

ax

A%

- 61
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P
-
e
M
—
-
[

-0

-3
—
ol
.
o
——

L]

. rc; (-5in € cos B -.cos O cos‘xt sin @)

=
S
T el
e
—
H

r, (-cos Qsinf-sinDcosi cos @)

A2, 1_)7 =0

=
R
.
oo
S
"

r,, cos (OBL) (cos Q cos @ ~ 8in © cos i sin. @)

-

—
el

-

(4]

—
i

o [cos (OBL.) (-s‘in_n.stn'o + cos 'n cos i cog 9)

- 4+ gin (OBL) gin i coa )

) A('3_, 2} _=" - re gin (OBL) (cos € coz 8 - sin §} cos i sin a)
A3, 3) = s [-sin (OBL.) (-éin 0 sin § + cos 0 (_:oé i cos 8)
+ gin (OBL) sin 1 coé al

_ e
_v_ (‘g) 3 Viny (to_)‘-

, SIS O

IS T+ 4 =

-‘B'(l,' 1y = - cc;s Q sin 8 - Vsin Q c-:oé‘ i cos g

B(, 2) = v, Asin s1 6 - cos Q cos 1 cos )

}3(-1,‘ :3) o= lv-o {- cos 0 cos 8+ gin 1) cés i=sin@)

B(2,  1} = cos (oﬁm.umﬁ Q sin é-r- lgos_n‘ cos 1 cos B)
- + sin (OBL) stn'.i'f:os 8 |

e, 2y = Vo cos (OBL) (~cos 0 sin 9 - 8in @ (E.O‘B i cbs e}

1;3.(2‘, 3}) :j—'. Vo [cos (6BL) (—-ain O éos 8 -_coé 9 cosl-.l_'si_n )]

- sin (OBL) sin i 6in 6] ~
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B(3, 1) - 8in (OBL} (-sin 0 sin § + coﬁs Q) cos i cc&s" 9

"+ cos (OBL)sin i cos 8
B(3, 2) = - v, sin (OBL)} (-cos £} sin § - sin Q cos i cos 6).
= v, [-sin (OBL) (-sin Q cos 9 - cos Q cos i sin §)

B(S, 8)

cos (OBL) sin i ain ol
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Subroutine COMFG3

A, Input Parameters

Parameters Szmi)ol Ce Definition

TSTART o to' o

TEND - t;

REVMAG ‘ o Pe B lRE\a’“:o)l

VEVMAG v [, Tt

, , .o _ EV ol

" LON ‘ 0 (rad) _ ‘ Longitude of aacending node
- Position of vehicle from ascending
THE o 8 : e |

. : : . node in orhital plane

OINC I i(rad) . Orbital inclination. *

REMO B _ ‘REM'(tO)

VEMOH 7 VEM(to)

B. - ()utﬁhi Parameters

eo . av. . ave Teyrar Vet
TESTRD = €. €=l

GD | | T - oy

. : . . ’ o' .

IO ¥ o ¥ =Ryt - Rgyran

LTD _ ‘. -",L'T N | S ll ..LT'“a_('v‘z.—H. ) S
- o =a(ﬁEV(tf),.'VE‘V(tf))"
a( Roylt)h. Ty (to;)) ,

su, Sz, S21, 822 . @ (tp t)

UVt u

- R Vi
Ty Ty = UNIT (VEV (tg) - Yy )
UVF S Typ | - Typ = UNIT (Vgyag - Vevit))
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c. ¢ Euté.tion

Call ()MI('? to compute- RF vite) {t), v F‘V {t ).

EV o
(‘all llIImI)Y to advance atatel to tl. and c'ompute Q.
Tor the [irst iter-atlon, call CTARS to compute REVTAR and VEVTAR

,.Equatlons are. same as in COMFG with cos (OBL) = 1 and sin (OBL) = 0
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A,

Subroutine . COMAUG

- Input Paréméters

Parameters . §zrrﬂa_oi )
. F'“—" — -

G 7

LY T

v v
T8I I

B.  Output Parameters

L L

PG

GG

. C 1omE' utation

x|

G

Gd

i

i

(. TyT

- Definition

-av

— 3 AV
E s
ot !

Constraint gradient transposed

T a% -
L', vl L

O

Davidon's Variance'matr‘-lx

" Constraint violai_:ldﬁ

¥ =Rt - Rey

Reg = RgyraRr °F BEVTAR

Ty tiT vy

f+FTIb'

g+LV
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Subroutine CTAR

A, Input Pa rameters _ .
Parameters a Symbol Co Delinition
RSEF " Rgplty
VSEF. C ."VSE(.tf)
RS_MF B : ‘RSM(tf)'
7 VSMF Vamlte
REMT 7. - ﬂT-TM‘tf)
VEMI _ VEM(tfl
AY Ay . .
' ‘ o Parameters to define a point on
AZ Az : : : i
‘ : o a Halo orbit, .
A'I‘I\..'I'_i o . 7' . A-TAR, -
.. Output' Parameters
R ATy S .
RSVTAR . ESVTAR
VAVTAR Ve

Vsvrar
€. Computation
' Position and 'veloeit_y: of Ll'in S-frame:

CBM = Sy

R = ey (Rep +—— Ry )
. - Bp ™ By .
v 3 . a-v )(—-\7 _S_I_ B V S) .
SLI L \Vsie YT Vem /-

“’E,+ Bno

If both 'Ay and A ‘are zero, the following computation is orﬁitted and target
position and velocity are get equal to that of-1,. Define L-frame unit vectors.

_ s

o Uyp ¢ UN-IT (ﬁsms)
'ﬁ s ‘S.o< 8 s

'z1 = UNIT (teFse X Vsp *#m Rsu XVSM)
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8 — 8 . 5
- The mat'rix__ to tr_ans-[orhn ;3 vecfpb from S?frgme to I.-frame is g_tve_n by
Lo - S5\ /= 8 — 8
st T (“XL) . (uYL ) : (uZL ) ) ,

The angular v".elocity of L~frame with respect to S-frame in S-frame is
defined by - - ' ' o

T

* ) .
By, S =S (S VsLy )
L YL, _|HSLISI

The target poaition' and velocity in L-frame are defined by ‘

Ic - Ay ain A,

-. CAN
i IJ : o N
Rigpar = - AY  co8Aqag

Az sinAppp.

k. w Ay . --9°8ATAR

- : n
E | . o . ‘ .
~Virrar = |- @n Ay sinApsgn
: wy Az f:os A'TAR X

where -

£

o]

u

1
SR
o
E
el ]
"'\-_/N

']

[\]

oo

=

By = Lop g B
- (1'71_'1) YL].
Bty
BE e
kgt UR T By
2w

k= L

2
w,” +(2B +1)

The ,targét poéition.and velocity in S-frame are then given by
. T .

S _ 5 S L = L

svrar - Rsm ¥ (cq ) RI1TAR .

Lt

T

s T _ N ' L o
e Vo' + _(CS_L) VLlTARL""ws'LS’F (CSL) RLiTAR

— L
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Subroutine CTAR3

‘A_. Input Parameters
_ Parameters . . §z b01 ’ LDeflnition
REMF . . = ‘FEM(tf)
_ ’ . : " In e-frame
VEMF . V_FEM&f)‘ :
AY © Ay
| AZ o ' o Az . Parameters to dgfine a point on
o o B a Halo orbit
B,  Output Parameters
: . e
.REVTAlI? | o ‘T«’EVTAR
T . ] e
VEVTAR _ VEVTAR

o (‘omEutation
: Postticm and veloclty of Ilbratlon polnt in e~ frame

e

Ry _= (1-y}R‘EM , S y>0forLy
e ' - e -
Ve, = -9 Vay <0forLl,

I both Ay and Az are zero, the following computation is omltted and target
position and velc;city are set equal to that of the libration point Define d- frame by

© undt vectors

cl
(|

KL uNT ‘(EELE) -

B - = 'e_ = e
Ty, = UNIT (B VEM[)
.~ e = | = e
Yyr Uz *Uxn

The matrix to fransform a vector from 'e-frrar'ne to 4~frame is given by

() ) )

.



. The angu‘lar veloclty of L-frame with relpect to e-frame in e-frame is
‘_det‘ined by . '

_ . .

— B _ el € [ e EL -

“gr © YzL (uYL TR, 'e‘l)
R )

The target 'pé'_éi‘f:ion, and veloci'ty in E-f rame are defined by
. 'k Ay sin A,
. I ‘
- R = Ay -co8 ATAR
Az . sin ATAR .

(k Wy, Ay cos Ap,p
v _ 1 e o

TAR

- w Ay gin ATAR

T Az cos A']'AH

~ where

w,” +(2B; +1)
.‘ The target pomtion and velocity in e-frame are then given by

':,REVTARe'f +(C L) LTAR

o | el e T
VEVTARE""'. (C ) IL’I‘A-RQ',H"’ELE "(Cej) -‘1\:‘1;'1*_1_!1'31a

0



A, Input Parameters
Parameters ' Symbol
LTS - 1T
IJS : ' - ' ) . N ) I_‘
SIS - P

B.  OQutput Parameters

nX S

C. C_omEutati_.on- E

Subroutine COMDX

Definition

2

a (vop ﬂ.l 9)

P = 'ﬁ'(tf) --"Rfd

Reg

Royrar °F RRVTAR

6% = (dv,, of, d8)

L wTwyly

g



Subroutine RVEMV

A, - Input Parameters .
-'Paraméters o M S . .Definitiori,‘
“msv Rgy) .
vsy  _ - gyt
RSE‘“' j'_ Rt
| VSE . o VSE“‘"
'RSM - o h Rt
vSM L Vg
B, Qutput | Parameters
REV . By
VEV B '-V'Evtt)'._
nmv-.' '_ _ o Ryt
VMV R '-.vm )
ReM o Fgy®
e Ty
C.. _(‘;‘._gmp'utation'“' .
o Ry = -~ Tgn *Fsy
VEV. = - Vgp+Vgy
“]TMV - ‘ﬁsM*'%y
Vv = " Vsm * Vsm
Rem © " Tse * Rsu |
Vony = = Vop + Vg

M SE SM

T'his subroutine ig used.in 4-body program only. .

7%



. Subroutine UPﬁ( .

AL ilnput i-'riramétar@r“ | o .
|_’ti;-a1ﬁc£er'a: - Symbol - .. ., h Definition -
B T |
FD . o fy
CTESTRD . Wyl
, ;I'SI.D R By
LTD o .=-(LT);1,
DU Ly
ran I R A A
GGD S .l | ' (§+1..T)')d' .'

sup, 12D, S
s21p, §22D) ety ty)

UvID, DVFD Ad(toh Xylte)

B, - Qutput Parameters

- ‘Same as input parameters relabelied ag' X, F, TESTR G, TSI LT, L
FG, GG, 811, 512, 821, 522, UVI, UVF. '

‘ c. ComEutation

Set output paramete re = input parameters wlth new’ names

_7_3



Subroutine LAMB

A,  input Parameters

Pararﬁetéra_ : . .Symbol - o _Deflnit{on_
TO ty '
RSV Rgy)
Vsv _ J. st(to) o Initial estlﬁgte
RSE - o %’SE(to)
Sovse : .vSIif‘to-)l
V_LRSM L | Faptto)
VSM - - Vs
'_KNR 7 ' .7 o . ' . Lambert iteration parameter
| ITLMAX 3 _ | ' - Maximum numbe‘f; of iterations
E-ﬁl!MIN ) . ' - - ‘- . Converéence cr‘itéridnl |
“RSVTAR Fgyran
R,  Output Iiarametm'r-:.:
wsve Rgytty
| VSVE - | st“r),
RSIF - Rgplty
yEsER 'stn‘fr’
| REME .__ﬁsﬁtir)
vsmE Ve
vsv vs'v-‘;‘o’ : |  Final solution
- 8n, 12, s21, s22 . e, to) - State tpans_itt’on matlrix‘
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¢.  Computation o

" Call FOURBY to advance states to t,. Newton-Raphson method is used which
iterates on Vgy(t ) until terminal constraint violation is less then ERRMIN or the
nuriber of iteration exceeds ITERL. The desired change in Initial velocity is-given
by - A _ , , A

Coe o 1 .

AV =~ legy) ,(“sv'_rAR" Rv(t))
Thé'subroutiné_ has a built-in safeguard against’inversion of a singular matrix
when the transfer is 2-dimensional. '

1, " Internal Paramefe rg

VIV L . ' . Dummy iteration variables of
' ‘initial velocity.
FRR . S . ‘ - Error vector of terminal conétraint'
' ' " violation ‘ ‘ " '

 TESTR o Magnitude of ERR,
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Subroutine LAMBS3

A ‘Input. Parameters .
Parameters Symbol _ - N ' Definition
T b,
TI¢ S . - tf
'__:ren:'v. o S Rty
S oVEV - rva“_o’ - Initial estimate
REM | - Tpulty) |
KNR
ITLMAX
ﬁ‘RRMIN
REvfrAn .
l'B. Output Fé-ré.m‘eters
REVF o Roylty
VEVF . | ‘va(trj
V_REME.‘ - | FEM(tf)
VEMF - Veulty
VRV Vgl . Fua 'sQ1uiton_

Sit,. 812, S21, 822 @ (tp t.)

C. - Computation

_ Call THRBDY to advance states to te. Use Newton-Raphson method to
iterate on VEV(t o) until terminal constraint viclation is less then ERRMIN or the
_number of iteration exceeds ITERL. : ' ‘ '

: The_ desired change in initial velocity is given by

- ) . -1 J— . — )
dV = = (9y) " (Rgyrar - Rpy(ty)

6



The subroutine has ‘al_'built-in safeguard against inve reion of a 'ai;ig
‘the transfer ig 2-dimensional, ' '

iy, Ihternal Parameters

Same ag listed._ﬁndeE-L.AMB,

T

ular matrix when



Subroutine COMF

L oS12h

A, Input Parameters
Varumeter ‘Symbal ©° Deflnition
TEVART | t, ) Starting time
CTM ' tm RRRE - ~ Interior impulse time
TEND by Terminal time
RSVO - Rgylt 0).
. e,
VEVIE ._VSV (to) -
-_ervo, S Vgy ()
RSEO FS_E(tO)_
VSEO '\7:3].,:(;0)
RSMO - Ramtte) o S S
_vsMo | Vemtts!
ERRMIN | ~ Allowable position error
e Number of increments in solving
JLINC. . B
- - Lambert problem
KNRSAV Lambert iteration parameter
ITERD - Quter loop iteration number
l"l‘T_..MA'X Maximum number of L_a'fnhert fterations .
VSVMPD . PR | |
mYRT L - VYgv Ym’™ OLD
RSVMD Rgutu) oLD.
'_RSV.'I"A_R ' -ﬁS.VTAR ; : _— . Target"position_
VSVTAR TSVTAR - Target velocity
Sup e e tdonn

e e Ydonp

78



B, Output Parameters

: RSVM_ o ' FSV{tm)

VSVMP Vv )

V‘SVMM | . VSV (t_m?

Dv : . AV

v Tym

UVE o Uyp

SMIil

SM112 ot : o from
- to, t) State transeition matrix from t_to
- sMi21 - m N ' : -

‘ _ m

SM122

SFMU

SPM12, s . o ‘ :
Lo plt, t . - State traneition matrix from t__ to

SFM21 rm : ; . S m
3 . by

SFM22 '

C. Computation .

o Stepl. - Call FOURBY to advance states from t_ to tfn‘

_StEp 2 "If ITERD # 0, go to step 4.
_ S
Step 3. Se.t VS'\{X (ﬁm} = Vgy (t_m) .
" Rgyxlty! = Rgylt )
Go to step 8,
Step 4. . Solve second leg Lambert problem in increments

Rgvx(tm! = RsvitmloLp
— + -_ o+ )
 Vgyx %) * Vev Uplorp
dRy, = Rgylt) - Reyt)orp! 1Line
Set oyyfty t) =0y oD -

ety ty) © @y, onp
ITERL =0 . -
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Step 5.

Step 6. &

St.ep 7.

Step 8.

Step 9. N

' AV =V - st(t, )

' F‘XIT

— ] -1 o am
4T = - eyt tm), onlty tm) 9Fpy

Ryt * va(t )+ O,
— o+
Ysvx tm) * Vsvx K ) * Vi

Call LAMB

"ITERL = ITERL +1 ,
o { ITERL < JLINC, go to step 5,

+

AV W(t)-- (t)

£~ 'SVTAR £

Ty = unit (A‘Vo)

Wy = UNIT (AT )

VM
ﬁ_'V‘ = UNIT (A7)

IAV t+ |AV |+ IAVFI

8¢ -



Q12D

CAL Input Parameters
Parameters . Symbol
TSTART t

™ Fm

TEND t

REVQ Rpylit,)
VEVOP Voo ey
s BV o
VIV Vy )
J;:IL:MO Rpmity)
VEMO Viute!
ERRMIN

ILINC

KNRSAV

" I'TRERD

- ITLMAX
VEVMPD‘ quv“,m’OLD
REVMD ReyitnloLn
REVTAR RpyrAR
VEVTAR VeovTAR

" 81D e tr'oLp

Loty ty) orp

81

Subroutine .COMF3

Definition

Allowable position error = |

‘Number of increments to solve

Lambert problem
Lambert ite 'r'ation'_pénametef'
Iteration number of outer lbop '

‘Maximum Lambert iterations



B, Cutput Parameters -

REVM -
VEVMP
VEVMM
ov o
UVl

UvM

UVF
SMItl '1
sMi12

sSmMrI21
- SMI22

S1MII '1
STM12
SIFM21

| SFM22

DVM

Rgy

VI"V (.tm)

(tm)_'

C. ' _ggmguta‘tion

_S;ép 1.
Step 2. '

Step 3,

Step 4.

" Get V,

A

7 I'I'ERL =0

Call THRBDY to advance states from t tot

' 1t ITERD # 0, "go to step 4.

S (T ) = Vg )
EIVURER LN

Go to atep 6.

;Sollvé sééond leg Lambert problem -
hﬁEVX(tm?_= ﬁEV(tm)OLD

+

__dHM=(REV¢t y - R, tt, )

m EV'm OLD”ILINC_
Set @11 (. ) = @y opp
01y (b ) ® P12, oLD
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Step 5 .

“Step 6.

‘Step 7.

Step 8.

Step 9. -

LV - e b )

Rpyxttn = REVX

Tt =7

e B ¥ T
BV, 7 iy ) - Yy Tty

AV =V

UymM

C Uy

- S
m 11 (t

EVX - "m EV

B ,Cali LAMBS

ITERL = ITERL +1

tm) an‘i

(t )+d§m.-

% (tm} + dvm-*

If ITERL < IL‘INC', go to step 5.

o+
v (itm) EVX (t )

AT = Vi) - Ty Tt

i)
m
EVTAR © VeV ri
= unit (A‘Vq)
= unit (A'_Vm_)
. = unit (A7)

AV = AV |+ |aTyy] + 18Vl

JEXRIT



Subroutine COMG

A, Input Para mete rs

l’ar amete '8

e et s

qE bol

SMIL eyt t) |

SM1i2 ; O1atm to)

sMi2t- ‘:pm(tr;l, 1)

swm22 <p22ft1;1, t)

SFMIL oplte ty)
- SFMI2 et t m)

SFM21 ) .cp21(1: t ).

SFM22 "qo'zz(_‘i.r. im}_

tivp 'ﬁVI o

UVM" Typ

UVF tVF

VTMM vt )

VTMP 'IV+(tm)

B. Output P;rametei% g

G -

1jpv1 | ‘i(to-)

DUYMM | RN

PUVMP "_if(tm)

C o ComEuta.tioﬁ ‘

" - m ) = me’ 12 Gy

84 .

Definition

3oV

Cost gradient g = —pimm—e——

®mo, 11 Bve)

a(V(t)t)



A lty) = P, 21 VI+"°mo. a2 A {t)

Ty S R
Mgy “'fm, 12 Fyp - Psm, 11 Svm)

f
=
3
=+
] ..
ga-'i-.'
-
<
=

+
34V T(y *.% -

- ®mo, 12 ('\m “Am )
-_avo
IAV I i + -
-1 R TR
: . ol
- - (28Y 24V)
Z (a1, 222

-1
LR m

NOTE: n 'addttion-_to the output parameters the fellowing paramefé rs are also
printed out after each iteration. ' -

' Parametar ' ) bol

oympol

R d P
PVMMAG P |
PVPMAG i 7l

m



- Subroutine PVEC

A, 'I'nLut- Parameters

‘7 Para_mei:er's C Symbol .. " Definition

T R : . ' g

R ‘.R

v oy

PV0 o | 1 fV(t’o) |

8™ | ety | State transition matr-ix:

lPVTM : S R o : IPVTM 0, Advance PV only

‘ ' ' ' 1, Also monitor max,
value of primer vector magnitude.

B. Outp_ut Parameters )

PV COPVWD . PV = (D), W) | ‘L
LM B |

_‘ LDM. o ‘di Y |

The lollowing parametf'rs are transmltted thr nugh COMMON/CTMI

TIM S tm . _ ’I‘ime of maximum I)L|
| nTa - | .‘ : H(tm}
V’IM, o V(tm)
1.TM | } I )
LDTM d It )
N gt m
PVTM ’ A (tm)
pyDTM . Ry
_ S ey
STNTM ' Coelt ‘) t) ot ‘ = time when the primer vectar

magnitudc- ig maximum,

86



c, ,Cc,mgutatlon-’ ' o :
’ ('i (t)) ( | )('i(to))

5 P t, .
X w/ oKty

If 'IP‘V"I‘M £0, monitor I (t)] to determine maximum value.

87



Subroutine .DISP

Both input and output parameters are transmitted through COMMON/TDATA/..

A, Input Parameters
Parameters _ Szmbol : : ’ D_efinitlori
RSV | ITSV'S '
VAV ey
REV ﬁEvh
iy A
RMV ﬁMVM
VMV “”M"[M
RSE ”SES‘
VSE ?SES -"]
RSM Tons |
vam | VRMS
RIM .ﬁ’lm'“
VEM Ve
B. Out'pﬁt Parameters
RSL1 | —."_slus
VSL1 Var 'IS-
RDVD . ' L
‘ _ Thy Pogition and velocity of vehicle
VDV b .- '-V]')\/'U‘ _ . o ‘in lD-fr'ame
RDST R,
_ - Ts
vDSD -——I)Sli)

X



"RDMD. Ry P

TDM

- D
VDI‘\‘}ID VDM‘l
RDLID ", P

oL
VDLID v.. D

: DL1
. _ Angle at vehicle between LOS to
AN(’V S .‘ANGV gun and earth
‘ - N Angle at earth betwoen LOS to
ANGE : .. ANGg gun and vehicle
. - Angle at sun between' LOS to

ANGS - _ ANGg vehicle and earth

- C, Comgutation .
The position and velocity of 4-body L4 point in S-frame are computed by -

— - LY -
Rgra = -7y (RSE *— Rem)
: by T ey :
— - TSV S
Vo = 0 (Vsm * = Vem)
' . HE "_‘M :

An earth centered rotating frame (D-frame) for display is used to suppress
the motlon of the earth which is significant due to its orbital eccentricity around
the sun and the presence of the moon.

efine:-

‘ o o~ S _
uXD = unit (ﬁSE)
uz S o untt (B xV, }l
_ D SE SE’
ey S _ =, S S
uYD = uZD quD

The transformation from the inertial S-t‘rame to a [rame parallel to the
rotating D-frame 18 given by the matrix
T
Sv o Sy
- (@) )  (52p) )
The D-frame rotates with respect ot S frame thh an angular velocity’
defined by '

89



8 _ 0 Si{ey 8.1 -
@y T Wy (8 s VSE)”RSEI

' The tranaformating from S-f rameé to D-frame for typical position and
a ,v?l_o’nlty vectors are as followa: ' ' ' '

" 8 = 8
- Rgp ® Fgp
-8 _w S5
Vsp < VsE | |
- b .Dw S_.D(g S_% 8
Rpy = G5 Rpy =Cs \Fay Rep )

- D Dfe 8 © .5 = S_.3 8
v cs” (Vsv" - Vs - ®sp *Fpy )
The angles at the vehicle, sun and earth are computed by

= UNIT (Rgg)

=
c =
1

. jh, = UNIT (‘I?EV)'

| 'ﬁRSV = UNIT (ES;,) |
ANG;, = cos”l @Rpy * '&Rsv)fnffﬁ
ANG = 4cos’.1 (-URgp ‘ﬁB.ElV)/DTR '
ANG = 180 - (AﬁGv + AgGE)

DTR = Degree to radian conversion |

g0



‘Subroutine DISP3

Both input and output parameters are transmitted through COMMON/TDATAS/.

A. . Input Parameters
Parameters ) _ mbol _ | ‘ Definition
REV Fﬁve
VEV | .'j-VEVe
" RMV _ ﬁme
VMV - o | Vv
REM | | ‘EEMé
VEM o Veu
B. - Oufgult Parameters
REL ‘- | Ry N R | :
VEL VELe "
RLVD ) | ‘R_Dvd
vovn : | _vnvd B
RDED ‘FDEd
YDED A
13DL'D o .HDL.,D
VDL.D vy
ANGV ~~  ANGy
. ANGE . ANGy,
ANGM ANGy,

8l



C, Cmeutat fon
The position and velocity of 3-body libration point L in e-frame are .

" computed by

L

Rpp, = 1- 7Ry

Vpr, = 1= VEM‘
' v&heréy >0 for Ly and ¥y <0 for L,.

A moon centered rotating frame (d-frame) for display is used to suppress
the motion of the moon. Define

XD - oNIT (HEMe)

wntt (K % Tgpr)

o
n

- e . &
¥D zp *YxD

The transformation from the inertiel e-frame to a frame parallel to the
rotating d-frame is giveén by the matrix o
' T T T
i d - & — e - e
¢t = ((Fxn") - Fyn”) » (Fzp°) )

The .d-frame rotates with respect to the e-frame with an angular veloclty
. , - e :
e ViEM ]

5 € e e(‘ﬁ -
ea  Yzp \"vD . R
: Em

The transfobrﬁétlons from the e-frame to d-frame for typical position and
velocity vectors are as follows: '

= e . = e
- Fep 7 Rem
- . e _ T e
Vep T VEm
~ g d— e . df= & = e
Rpy - e Bpy " Ce (Rev - Rep)

o)

k-4

_-—Tcl. cd e _ @ _—
Vv, " (Vi T = B *

=1

92



" "'he angles at the vehicle, earth and moon &re computed by:
URyy = UNIT Ry |
ﬁR.E_M = UN?T {REM}

 TRgy, = UNIT (’EEV)

" ANGy; . = cc::s-'1 (@Rypy * T.TRE{/)_/ D'Z_[‘R

ANGyy .= eo§_1 (-GRpy * TRy )/ DTR

: ‘_ANGE = 180 - (ANGy, +ANG.M)

- DTR

Degree to radian conversion -
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Subroutine PTRAJ

Input parameters are transmitted through COMMON/TDATA/. If
IPTRAJ =1, the follpw'in'g parameters are-prin’ged at each time step.

T T(DAY) . H

ANGy, - . ANGE ANGS

V,

|[Rsv]. JREV]

5
sV

Vev

Yy
- 5
Ve
- S

<

H(DAY}

'If IPV = 1, the primer vector history below is printed.

X

o &R

by

Fmv|



Subroutine PTRAJ3

Input parameters are tranSmitted through COMMON:" TDATA3/, 1f
IPTRAJ =1, the following parametera are printed at each time step.

T . T_D_AY‘ H  BDAY) IEVI _ "[ﬁmﬂ
Fpy® D | AR |
Ry™ o T
Rm” | Vem
Ry Ve
ﬁDV_d S S
Toe' o B A
gy | o | v
ANG,, o ANG -ANGM |

If 11°V - 1, the primor vector history l'é-pr;lnted

w g



Subroutine T"DATA

Input par‘amete rs are transmitted through COMMON/ TDATA/ If IFILEX or

sequenhally in unformatted form,

Parameter Fi}e Location
: T
ﬁ'w_ | 3.5
Ve 8-8
Ty 9 -1
VE\} 12 - 14
ﬁmv 15 -17
Ry o 1‘21 - 23
Vep . 24-28
Fou -
Ve 30 - 92
Ay 33 - 35
VEM 55 - 38
Fgpy 39 -4 '_
Vs 42 - 44
Ry 45 - 47
‘\TD'V_I‘J T4 59
nsn | '--51" b3

~Parameter

& I

BNGy,

96

' IFILE is position nonzero the followmg double precismn parameters are filed

ii'i,le‘ TLocation

54 - 56

57 -59

60 - 62

63 - 65

66 -'68

69 ~ 74

(- i

{3

7

%

79
80
8-

82 .

83

| "

85
._'Bﬁl - 100

100 -



Subroutine FDATA3

~ Input parameters are transmitted through COMMON/TDATA3/. If IFILEX
or IFILE is positive nonzero, the following double precision parameters are filed
sequentfally in unformatted form. ' o '

M%'E : w M Fﬂe:_L-ocation
k o R N 12 - 4
Ty s -5 B st

V.i.-év - .- 8 B ¥ 52
i-"-’IVI\J" _l . | 9 - 11 ' ANG,, 5‘3

Vv "-12:,- 14 . T ANGg 54 -
EEM S 15 - g o | | AﬁG.M "

VM | 18 - 20 | -lﬁﬁvi te

Rior Cmewm gyl 57

V;;;;L . 2428 - Ryl 0 58
._ﬂ_nv(]- _- | . | 27 - 20 o .. . }'V’MVI' oo |
ml:)vd 30 - 32 | ' |]“iE‘M-] 80
o’ i3 [Tyl 61
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_ In this se_ct'ioﬁ we lis
suggested corrective actions.

iﬁouble

Integration too slow. .

TWOBDY fails to

. converge or gives |’

stra.nge answers.

POURBY (THR BDY)

givea strange answers.

Stow- to at{afy
conatraint.

ILAMB (LAMB3) fals
to converge,

IR (WTP2S) fails
to satisfly constraint,

 ETP21 (ETP2I3) fails

"to rédt_me AV,

PPP31 (PtPII3) fails

“to reduée AV,

TROUBLE SHOOTING

. Dtagnosls

Allowable single atep '

‘ position error too small.

Input error.

Bad input state vector

- or gravitational constants,

Bad input to TWOBDY.

Allowsble terminal error

too small.

‘Bad nofnlnal trajectory,

Rad nominal trajectory.

' Bad V—mairix.

RBad V'-'rﬁa.tr'ix.

ta _numbér of common troubles, their -'_causeé and ‘ '

Acﬁon i

increase ERIMAX or
ERRMXM, Check input,

'Check ‘input,

Check input. -

Increase ER RMIN or

EPSTSI, |

Search for new nominal
closer to satisfy constraint.

“Reduce KNR.

Search for né;w nominal .
closer to satisfy constraint.

' Reduce KDX, -

Reduce EPSV, Try new

estimate of independent

variables. - - -

Reduce EPSV, 'Tt'y'r.xew

estimate of independent

 variables.
Helpful Su gestlons
1, lt payﬂ to search Tor a nominal trajectory which comes close to sat{ﬂf\; terminal

constraint,

This {s not so important in a short transfer,

which will converge

even if the nominal trajectory misses the target badly. For long transfer, A

bad nominal traJectory will prolong iterations due to mcreased nonlmeanty,

whmh reduces permlssable changes in the 'mdepeudent variables,

9



A capability to plot trajectory ie very helpful to show whether a nominal
trajectory 14 headlng in the right directfon. 1t is not difficult to adjust the

' lndependent variables prope rly after examining a plot of the trajectory. but
it is very difﬂcult to determine what action to take by looking at a printout.

It is generally better to run the programs by a succeasion of short runs

. inetead of & al.ngle long run, The pauses beiween short runeg enable the user
_to interpret the reaults and make necessary changes, It ie not possible nor

practlcal to fully automate a program to.take into account all possible

contingencies _

"~ “When a run is continued, use the current independent variables, V-matrix,

KDX, KNR, ete. to maintain continuity.
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_ EXAMPLE 1
AL Pﬂ!‘EOSB |
Thia example may be used to check out Program TRAJ and associated sub-

-routinea It is a 4-body transfer from noon July 4 1978 from a 100 n. mi, earth
. parking orbit to Ll- in 38 days.

_‘l3. ., 1nput Parametera
Card NO. | .Ilm'mgt o _anmete'r Value
1 sv20,11 '. _, oLl ' 1.001008D-02
| AUM 1.49597893DH1
UTIME 5, 813235 77632D+01 :
UVELM '- ‘ 3. 3574240986 7D-05
2 speodc - MS © 9.99996959568D-01
‘ | M 3. 003484531881-08 -‘
MM 3.694312247571'13-03
s a4 MODE 1
| IPV | 1
‘IPTRAJ ' : _'1-.
IFILE - O
4 . - aD20.11 RSE0(1) ' .1, 9893'009099913-01‘.:
{2} © -9, 9705053985'61)_-01 |
RO 790270124711) -05.
irSEogl') s 6490658934817) 01
5 '.41)20.1’1‘ .(é)’ . 1.921570505971)-01'
| @ _' -1 47749‘62627013-05.
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8

10

o

4D20 1L

- 3P20.11

4102011 -

2pZo.m

41220, 11

2020, 11

RSMO (1)

2y

(3

VSMO (1)
(2)
(3)

TDAY0

TTRIPD

ERRMXM

REVMAG

VEVMAG

OINCD -

OBLD

LOND

THED

AlL)

(2)
@
A1)

.{2)

101

1, 99125783484D-01

-9, 04358817445 D-01
-1, 68002571823D-04

9, 32348120275D-01 -

1. 95028878329D-01

-2, 62545160637D-04

. 1,096D+03
3.6D401

1, 5241402

4. 3873915 7152D-05

3. 69220795569 D-01

2,85D+01

2.34457874305D+01

3. 59181042981D+02

~3.,51880454048D+01 -

5. 86468563221D-01
8. 06463 sséslésb;oi
7. 53060089751D-02 '
3, 4364'7891554D+03
3. 4708677274403

3.04177095939D+02 -



C. Output Pa r-amete re

A prlntout of the trajectory at each tlme step s submitted with this gulde ina
separate package, T‘ne state vectors at the. te rminal time is

RSV | _ 7178571159 72D-01
(2) . o | -‘?.013428037460~01 
() l 4.2725757343_91)-"05'

VSV | 6. 7982981LTI0D-01
@ |  7.15967885505D-01
_i3) ) o -6, 21512714224D-04

The vehicle intercepts the 1,1 peint after 36 days, The tz*a.jector"ies with bespeét
to earth and moon are- shown in Figures 2a to 2f, The primer vector magnitude '
‘history is shown in Figure 2g. The AV of this tranafer is 354,57 m/s. Note
that the initial earth parking orbit has an mcllnatlon of 28,5 deg, - If this
restriction is. removed the AV of the same transfer of 36 days is about 288 m/s '

(Ref, 2).
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T-AXIS

POSITION WHT ERRTH IN X-Y PLANE

v -l
o - 0 = MOON
9-mzr . '+ = SPRCECRAFT |
‘ B LAUNCH @ NOON JULY @& 1978
TAIF © @36 DAYS
9.088+
P04}
o}
-0.0041
-2.9081
-0.012+—— _. et + : : +- 4.
-8.02 . -0.008 -0.804 0 ' 0. 80y

©X-AXIS

F'igure 2a 2-Impulse Transfer (Exémple 1)

103



T-RXIS

POSITION WRT MOON IN X-Y PLANE

X = EARTH
: . - o o . o = SPRACECARFY
- 8.2y S " LAUNCH ¢ NOON JULY 04 1976
' . : o TAIP : @36 DAYS
o.0pB+
0.004
‘19
-0.004+
-2.0084
- @2 -+ - -+ —+ _ -
~.012 . p.og® . -p.80M 0 0. Bey
¥-AXIS

Figure 2b ~ 2-Impulse Transfer (Example 1)

104



got

Y-RX1S

RUTRTING FHRHE (xX-Y PLHNE]

B-W*T X = ERATH T
. 0= MOON
o = SPACECRAFT s
! o= LI )

' CAUNDH « NOON JULY 8 1978
2.0&y L. TRIP: 936 ums '

2
-0.8824
-9.904 4
-8.886¢
-B.m —— + S e + -+ ——t ~+

-8.m2 -a.a10 -9.098 -9.006  -9.0u . -0.982 - 2 2.202 2.0,

- X-RXIS

Figure 2¢ 2-Impulse Transfer (Example 1)
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2-RXIS

a.80l+

ROTATING FRAME (X-Z PLANE ’

X = ERRTH -
0 = ‘MOON T
o = SPACECRAFT
Lo e=ny
L : NOON JULY B4 1978
8.002 1 ‘. TR : 836 DAYS
2 gt " ° * —*
-0.062+
_ﬂ_nw«_'
-9.9864
- -9.088 ———t— + : —— + — -~ + : ' —
-3.012 —a.p18 - -p.e@8  -B.0OS -9, 984 -8.802 g - D.pe2 0.904

X-AX15

Figure 2d 2-Impulse Transfer (Example' 1) 7



2.0084

SPACECRAFT DISTRNEES

. @.205+

. B.PRuYt

CewTOLL
. | C - Xow TO-ERATH
o.012} . S L G TOMION

¥

2.9114
2.9108-

p.927 ¢

0.206¢

9.0031

g.ee2

LANCH « NDON JULY. 94 1978
" tarp s p36 OAYS -

emsp - SPACECRAFT DISTANCES

0 YR 20 3 4o

TRIP TINE “(OAY)

" Flgure Ze 2-impulse 'I‘ranafér (Ikamplé 1) .
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SPRCECRAFT VELOCITIES

9.0304

© .8104

SPACECAAFT VELOCITIES
+uTOLY -

‘ o % & T0 ERATH

o.701 . LAUNCH 4 NOON LT B4 1878
| TRIP: 036 DAYS

gl ™
@.6ud4

0.820+.

n

B+ *

) e @ W
1ATF TINE (DA

Figure 2f " 2-Tmpulge Transfer (Example. 1)
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2.e8¢

1.604

© 1,584

1.20¢

PRIME VECTOR MAGNITUDE

1.98¢

1.80¢

1.7284

1.48+1

1.%2¢+

1.18¢1

1.00:

PRIME VECTOR MAGNITUDE
LRUNCH : NOON JULY B4 1878
TRIP « @36 DAYS

.
+
A0

20 .3 e .s0 .62 .70 .80

T_:nt

. Figure 2g 2-Impulse Transfer (Example 1)
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. ‘EXAMPLE 2
A, .PurEose . .
This example may he used to check out Program EXLAM and -aggociated

‘subroutines. I is a 4-body transfer Irom noon July 4, 1978 from a gwan position
at earth to a given pomt in space in 36 days, ‘

H. - Input Parameters

* Same as'in Ex, 1

Card No, . Format . Parameter y'_é_._lyf_
1 4p20.M GL1 ok
| AUM o
UTIME s
tiV.E‘L'M *
2 - 3p20.11 MS g
\ | JME L
MM o
3 4B . IMODE 2
ITLMAX 50
[PTIX o
IFILEX 0
4 420,11 | RSEQ (1) 1. 98930091D-01
| (2) -9, 97050580850D-01
(3) 6.79027012471D-05
VSEO (1) " 9.649065893;48D-01
5 ap2o. @ 1,92157060597D;o1"

(3) -1, 4774962627013-05
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RSMO (1) © 1.99125783494D-01

(2) -0, 94358817445D-01 .

6 " 4p20.11. (3)  -1.6800257823D-04
C veme | 9.32348120275D-01
() L85028878320D-01
(3) '42L62545160637De04
7 Cspzom TOAYO  1.099D+03 |
| TRIPD) | 3.80401
ERRMXM 1. 524D+02
s apzo.m - RSVTAR 7.17_95511597215-(:1

-7.01342803748D-01
4, 2725_75734390-05

ERRMIN 1. 0D-10

9 D20 CKNR . L0DH00
10 _4'1)20.11-‘ C - kEvOQ) 3. 55098760149D-05
(2} 7'2-‘.5685325“05["05
3) -2.051236432401)-05 ,
v’ﬁv_o’P(l} ' 2.16833393468D-01
1 a0 - @) 2.97557'75_7@21)-01

" 3)  2.76469306727D-02

c. Output Parameters

A printout of Lambert iterations is submitted with this guide in a separate
package. The initial state vector is: '

e



RSVO (1)
@
| ‘(3)

veviq)
@

(3}

The iteration history ie as follows:

ITER
1

2

The conirerged solution s
vSvIQ)
(?)

3

1 58065600875 D-01

.9, 97076275675 D-01

6. 58514648147D-05

1.18173998282D+00

4, B9714817679D-01

2, 7632155 T101D-02

Error“_dg()

4.9726 D-05  initlal miss

1,6349D-04

3,4139D-05

2, 0172D-05
1.'7986D-05
1, 6351D-05

9,6429D-09

| 6.1105D-12 < ERRMIN -

_ 1. 18164961297D+00

4, 89491098861D~01

3. 06148929077D-02



EXAMPLE 3
A, Purgbse .
This example may be used to check out Program l‘.‘TP21 and associated

subroutines. " It ig & 4-body tranafer from noon. July 4, 1978 to L1 in 44 days, The
earth parking orbit _has an inclination of 28. 5. deg

B, Output Parameters

% SameasinEx. 1
«* Same a8 in Ex, 2

.Card No. =~ Formsat : Pérameter _\{_5_123.'
1. ap2o1c  GLL o
| | AUM - Y
urME
UVELM *
: o MS | x
| ME | . -. | *
e -
3 4'1:}_2‘0.-11_* " REVMAG .
O“BI_.,D '
ERRMXM E
s+ zp2om TDAY0 x
| | TTRIPD 4. 400401
s . ap2o.n | VEVMAG 3.59195894918@01'
| LOND 3. a;omoz
THED . 0. 1>+00
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10

.

4D20. 11

. 4p20,11

4D20.11

4120.1

14

3D20.11

RSFO.(1)

(2)

(3)

VBEQ (1)

@y

3y -

" RSMO (1)

{2)

(3)

VSMO(1}.

(2)

3)
EPS
EPSTSI
KDX
EPSV
ICOMV .
ITERMX
IFILEX
AYM

AZM

ATARD

I14

1.0D-11

- 14'0D-10

1, 0DHO
1.:0D-03
1

50



c. Outpdt Parameters

The state vectar at the terminal time ié:

RSV  B.04147100281D-01.

@ o 5. 982726_65021D=01
@ 3. 54443603861D-05
-_"lvsv'(.n o o o '5.’80881‘.573-2006711"_')*0.1"
@ . 8.026813143221)-01-
 ' '(3) : | -4.43309910137b~04

The converged initial conditions are:

VEVMAG | 10997.17 m/=
LOND 358. 32 deg
THED ‘ ~23, 43 deg

The costg are: .

lav I 3204.20 m/s
odavl - © '377.80 m/s
‘ ' 3582, 00

Ref. 2 indicates that Iavfl is 263,31 m/s for the 44 day transfer without
the inclination angle costraint.

A printout of the iterations together with the trajectory at each time stép
{s submittéd in a separate package. '

_ The trajectory-is shown in Figuré 3a to 3f. The pr"mier vector 'hisfory is
shown in Figure 3¢, PR
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Y-AXES

'POSITION WRT EARTH IN X-Y PLANE

o+ = LY ’ .
- : 0 = MOON
B.hzy SRR + = SPACECRAFT
' CLAUNCH ¢ NOON JULY By 1978
TAIP : Q44 DATS
BI.EI_BB#V
28041
pt
T TR
-9.708 ¢
-0.012 e ; ‘ SRS
-0.912 -p. 028 o-p.0B4 8 2.00Y

X-AX1S

' Figure 3a 2-Impulse Transfer (Example 3).
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Y-AXIS

B.ﬁET

POSITION WRT MODN IN X-Y PLANE
' ' X.= EARTH _
. = SPRCECAAFT
LAUNCH : NOON JULY 84 1378

TRIP : Pud OAYS
0.008 ¢
@, oy 1
24
-@.oput
~-0.908 ¢+
-, 22 + : —- + +°
-5.212 . 008 - -3, 00y ] 9. 0pu

X-AxXI5

thui-e 3b 2-Impulse Transfer (Example 3)
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gtl

Y-AXJS

ROTATING FRAME (X-Y PLANE)

.88t X = ERATH -
0 = MODN
-« = SPRCECRAFT
S el
LAUNCH = NOON JULY 84 1978
9.902y TAIP : @44 DAYS
B.
-2,00824
-p.o34 4
-4 0854
P A . — . . { N

gz e -0.898  -D.295 | 0.0 -0.00 2 0.8082 .o

X-AXIS

Figure 3c 2-Tmpulse Transfer (Example 3).



61l

-AXIS

B.Bﬂhr

p. g2}

ROTATIN

7 g = MOON o
. o = SPACECRAFT

t =11

G.FRAME (X-Z PLANE)
X = ERATH

LAUNCH : NOON JULY @4 1978

TRIP : @44 DAYS

-p.0821
-2.99%1 +
-p.996 1
-p. 298+ — —————+ — — + ——— b =
-8.92 -2.014 -@.908  -R.@9S ~p. oY -9.202 2 @.002 g oo
| X-AXIS

Figure 2d

2-Impulse Transfer (Example 3)



SPACECRAFT DISTANCES

'@, 9o 4§

2.913

2.2+
B.p11y
- 8.010¢

2,203 ¢

2.9071

p.op6 v

p.e0s+

2.002-

SPACECRAFT DISTANCES
+ = T0L1
X = TO ERRTH
o= ToMOON .
. LAUNCH ¢+ NOON JULY B4 1972
* " IRIP 1 BN4 DAYS

2 0 4@ se

n |

10 _
TRIP TIME WAV

, _Flgure‘Se 2-Impulse Transfer (Example 3)
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" SPACECRAFT VELOCITIES

SPACECRAFT VELGCITIES
X = T0 ERRTH
0 = TO MDON -
LRUNCH : NOON JULY B4 1578
© - YRIP : O4Y DAYS

o fl .

TRIP TIME (DAY}

“Figure 31 2-lmpulse Transfer (Example 3)
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PRIMER VECTOR HAGNITUDE

PRIMER VECTOR MAGNITUDE -
LAUNCH : NOON JULY @4 1978
TRIP : U4 DAYS

OPHTRYYAY

e .28 .58 N9 59 .60 .70 9B

' Figure 3g 2-Impulse Transfer (Example 3)
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‘EXAMPLE 4

A, Putane

This example may be used to check out Program PTP3I and associated
' subroutines Itis a 4-body 3-impulse transfer from noon July 4, 1878 to Ly in .
44-days, The 2~ lmpulse transfer shown in Ex, 3 was used ag the reference

B, Input Parameters
| ¢ Same ag In Ex. 1.

The starting independent variables (¥ o trh)'shown here are values near
the end of 8 sequence of computer runs, TR

Card ﬂo. Format - Parameter Value
1 Dol GL1 o
AUM S
UTIME %
UVELM o
2 . 3pz0.m1° ' ‘MS' *
ML o *
wi -
s . apzo.u TSTART 1, 89051337719D+401
| ™™ | L 96168620221D401
TEND 1. 96620272076 D401
4 | 4b20.11 o RSEO()) - ¥
.. _('2)_ l *
(3) *
vsEOM. - *
5 | 4n26..11 @ *
| (3) *

123



10

1

12.

420,11

4D20.11

CaD20. 11

4Dzo, 11

2D20, 11

4D20.11

2020.11

RSMO()
(@)
(3

VSMO(L)

(2)
(3)
HSVO(l)
(2)
(3) -
VSVO({1)
(2)
(3)
VSVIQ)
o {2)

13)

VBVMP(1)

(2)

(s
RSV'I-‘-AR(Ii

| (2).

{3}

. VSVTARD
(2)

{(3)

124

*

1. 98969880525 D-01

-9, 870689044301D-01

6.68331499258D-05
1. 07508453453 D+00

4, 28411625788 D-01

2,23856828208D-02
1,12559555237D+00
5, 2300531532001

'3, 2236334808002

8.12270768134D-01
7. 70222061894D-01

-3, 40110040616 D-04

8. 04147100222D-01 .

-5. 98272665036 D-01

3.54443659015D-05
5.74883737675D-01
7.90914481955 D-01

~5, 54211553533 1-05



13

14

15

16

17

18

320,11

3p20.11

15

41)20,11

420,11 -

4020, 11

KNR

ERRMIN

ERRMXM

FMINM

EPS

EPSV:

ICOMV

ITLMAX

ITDMAX

Vi1,
Vi1,
Vi,

V{1,

vz,

Vi2,

V{2,

V2,

Vi3,
Vi3,
(3,

Vi3,

TLINC

IFILEX

1)
2)

3)

125

1, 0D+HOO

1,0D-10

1, 524402

3.4D+03

1.0D-02

' 1,0D-04

0

100

100

0

1. 50704457_1341)-04
L. 0812'7195736D-'04
-1, 88527012072D~03

-1. 33164676422D-01

-1, 72891113995 D-04
1.25136470033D-03

1. 00118585112D-01

-3.48824401009D-03

-3. 68585896226 D~01



19 4bzo.n S V(e D= VL 4
via, 2) = V{2, 4)
V(4 3) = V(3, 4)

V4, 8 -3, 32401235566 +01

C. Qutput Pa_rameté rs

The trajectory is shown in Figure 4a to 4f. The primer vector history is
shown in Figure 4g. The interior impulse applied at about 41. % days is nearly at
the end of the 44~day transfer. The costs are I

Initial impulse ' © 3207,35m/s
Interior impulse . 273,44 m/s
" Terminal impulse ' 97,84
' 3578..43

'I‘EB S—Impulsé transfer costs about 3. 50 m/ s less than the 2-Impulse
tranefer, : '
D Comrent

The 3-impulse transfer is difficult to generate, especially when the
2-impulse transfer 1 nearly optimal. First, the dlfficulty is to break away

trom the 2-impulse transfer. Secondly, the cost gradient must be reduced

" geveral orders of magnitude lower than necessary in order to satlsfy the

c;ond ition

while the cost remalns practically unchanged. To'accompliah this it may be
necessary to reduce the stngle step allowable posttion error by an order- of

magnitude.
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Y-A%L5

PDSITION WAT EARTH IN %-Y PLANE

* =Lt
po1ze 0 = MOON’
8 ?T o .« = SPRCECAAFT - _
: LAUNCH : NOON JULY @4 1878
TRIP : Uy DAYS
-ﬂ.ﬂgﬂ-r
p.oou 4.
g..
.94 4
~p.p9n4
9. 212 — —+ 4

-p.212 -p.908 - -8 9 N

X-Ax1S

Figure 42  3-Impulse Transfer (Example 4)
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Y-AX15

2.p124

B;ﬂdni;

2. 994

+

~7. 904 4

-9, 290 1+

POSITION WRT MOON IN X~T PLANE
X = ERAATH .
o = SPACECRAFT
LAUNCH : NOON JULY @4 1578
TAIP : Q44 0AYS

-p.212
~@.212

-@. 088 -2.2a4 -8 2. 204

X-AXIS

Figure 4b 3-Impulse Transfer (Example 4)
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621

Y-RXLS

ROTATING FRAME (X-Y PLANE)

Figure

X~RX1Z

4c  3-Impulse Transfer (Example 4)

X T.EMTH
. O = MOON
" = IPACECARFT
o e LT
g LAUNCH : NOON JULY @4 1578
0.9e21 " TRIP : uu DAYS
8
-o.ea24
-g‘-_gma}
-8.8964
-g.899 L —— e + . — + + 4
-g.812.  -B.:8 -9.903 -9.0826 -@. Bou -8.9g2 P 9. 902



- 0gl

7-AXIS

. ROTATING FRAME (X-Z PLANE]

a.8m+ X = EARTH
: 0 = MOUN
« = SPACECRAFY
S+ = LY
LAUNCH : NOON JULT QY 1373 :
& ag2+ TRIP : @44 DAYS _ o o
e ¥ & 4 > — ﬂﬁj
-3.882+
~3.8044
-0.986 ¢
[
_g.gepi— — e N N N . . —
-8.912 -g. .02 -0.009 . -9.006 -0. 904 - -0.202 2 9. ae2 . p.ge

) X-AXI1S _
. Figure 4d 3-Impulse Transfer (Example 4)



SPACECARFT B1STANCES

. 284

LB

.13
.812;
o
.o12}
2894
g. gan 4
n.oa7+ -
0064 -

8054

L9033+

.pp2 R

SPACECRRFT DISTANCES
e TOLYL .
" X = TO EAATH

.. '0 = TO MOON o

LAUNCH ¢ NODN JULY B4 1978
TAIP : BN DAYS

i "

-

12 20 - ug

TAIP TIME 10AT)

' Figure 4e 3-lmpulse Transfer (Example 4)

131



SPACECRAFT VELOCITIES
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PRIMER YECTOR MAGNITUGE
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PROGRAM AND SUBROUTINE LISTING

TRAJ - - .~ LAMB
TRAIS - . LAMBS
EXLAMll | ' _ DISP.
EkLAMs- I : DISP3
ErPa PTRAJ
ETP$31 | PTRAJS
PTP31 | FDATA
PTP3I13 : . FDATA3
FoﬁHBY ‘ - . COMAUY
TﬁRBbY | _ COMDX
TWOBDY UPX
csTEP . pvEC
'cstps' | : ~ RVEMV
DELRY - MXV
DELRV3 - ‘ VT
coMIC L :DQT

' cormc"s , ' VMAG

 COMFG . - INVERT -
COMFG3 . - uwrtv
COMF | VXV
comEs .~ MTRANS
COMG . MXM

- CTAR

- CTAR3
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PROGRAM TRAJ o ' :
PROGRAM PROPAGATES GIVEN STATES FROM TSTART TO TEND
IMPLICIT REAL*8(A~H,L-M,0-2)

DIMENSION RSEO(B)gVSEO(BI.RSMO(B),VSMO(S)1REV0(31,VEV0(3)v
1RSVOI31'VSVO(31'VSVI(3),VEVOP(3);PVO(6I,RSVF(3),VSVF(3).RSEF!3)'

2VSEF(3).RSHF(B),VSHF(B!.SI1(3:3}v512(3131e521(393lv522{3,31

.connonxcnnsrxns.ne.MM,GLI,AUM.UTIME,UVELM,EaanafoTR
COMMON/FLAG/ IMT Xy [PV, IPTRAJ, IPVTM, TFILESITER,1TAR
READ(5,100)GL1sAUM,UTIME,UVELM

READ(55 100)MS s ME MM

READ(54101) IMODE, 1PV, IPTRAY, IFILE

READ{5, 100)RSEQ,VSEO,RSMO,VSMO
READ(5,100)TDAYO, TRIPD, ERRMXM
DTR=1.7453292519943296D-2

ERRMA X=ERRMXM/AUM

TDAYF=TDAYO+TRIPD

TSTART=TDAYO/UTIME

TEND=TDAYF/UTIME

IMTX=0

1PVTM=0

ITER=0 : , _ c
WRITE(6¢102)6L1yAUM,UTIME,UVELMy ERRMXMyERRMAX s MS 4 ME 4 MM

"HRITE(6q103lTDAYOvTRIPD,TDAYF9TSTART'TEND

201

3
5

T

WRITE{(64105)RSEQ,VSED,RSMO,VSMO

Gl TU‘11213‘11MBDE ’ ' , :
READ(5.100)REVMAG, VEVMAG O INCD OBLD,LOND, THED
OINC=DTR*0INCD ' . | :
OBL=DTR*0BLD

LON=DTR#LOND

THE=DTR*THED o :
CALL COMIiC(REVMAG,VEVMAG,LON,THE,OINC,0BL,RSEG,VSED,
1REVOsVEVO,RSVO, VSVO,VSVI) - ' .
WRITE (6,106 )REVMAG,VEVMAG (O1NCD,0BLD,LOND;THED
GO YO & S | : :
READ(5,100)REVO,VEVQP

D0 201 1=1,3 '

RSVO(T)=RSEOLII+REVOLT)
VSVI{1)=VSEQG(I)+VEVOP(I)

WRITE(6,107)REVO;VEVOP

GO T0 & :

READ(5,100)RSVD,VSVI

WRITE{641081RSVO,VSVI

IF(IPV.EQ.,0) GO TO 7

READ(S,100)PVO -

IMTX=1

IPVTM=1

WRITE( 6,109} PVO
WRITE(6,104) IMDDE s 1IPTRAJH IFILEy IMTX, IPV,TPVTM

- CALL FOURBY{TSTART,TEND;RSVO,VSVI'RSEOgVSEOvRSMO¢VSMOi

100
101

102

103

1PVO,RSVF 4 VSVF RSEF s VSEF yRSMFy VSMF,511,512,521,522)

WRITE (6, 110 RSVF3VSVFyRSEF s VSEF yRSMFVSMF S
FORMAT(4D20,11) :

FORMAT (415) ' _
EORMAT{1H ,40X,'FOUR-BODY TRAJECTORY'/1HO,78,'GL1%,T28,'AUM!,
LT4By 'UTIMEY ,T68, UVELM? ,T88 ' ERRMXM? , T108, tERRMAX ! /1H o
21P6D20.11/1H »TBy*MSt ,T28y *ME",T48y "MM!/1H ,1P3D20.11)
FORMAT(1HO,T8, 'TOAYD®,T28,* TRIPD' ,T48, ' TDAYF?,768, ' TSTART!,
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1788, 'TEND'/1H ,1P5820.11) , : .
104 FURMATLIHO.TB,!IMDDE',TZG.'IPTRAJ',TéBg'IFILE',T&B,'IMTX',TBB.
1*IPV',T108, ' IPVIM'/1H ,110,5120) . . . )
p FORMAT ( 1HO, T84 "RSEQ? yT68, 'VSEC'/1H 41P6D20.11/1H T8, 'RSMO',
1T68,'VSMO'/1H +1PED20.11) - - I
106 FORMAT{1HO,T8y'REVMAG®,T28,'VEVMAG' ,T48,0INCD* ,T68,'0BLD",
1T88,*LOND',T108,'THED'/1H ,1P6D20.11) ,
107 FORMAT(1HO,T8B, *REVO*,T6B,*VEVOP?/1H ,1P6D20.11)
108 FORMAT{1HOsTBs "RSVO' 3 T6EB,'VSVIt/1H ,1P6D20.11)
109 FORMAT(1HO,TB,*PVO*/1H ,1P6D20.11) _ :
110 FORMAT(1HO,T8, RSVF1,T6B,VSVF1/1H 51P6D20,11/1H ,T8,'RSEF',
LT684 VSEFS/1H s1P6D20.11/1H ¢TB,'RSMF?,T68,'VSMF!/1H ;1P6D20.11)
RETURN : S , o
~ END
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PRUGRAM TRAJ3

PROGRAM PRUPAGATES GIVEN STATES FRDH TSTART TO TEND IN
EARTH-MOON-VEHICLE SPACE. . '
IMPLICIT REAL*8(A-H,L-Ms0~7) l
- DIMENSION REMO‘3),VEM0(3',REVO(3]vVEV0(3)7VEVOP(3’vREVF(B‘!
IVEVF|3);REMF‘3"VEHF(31!511(3!31’512(3v3"521(3 3)4522(343)
COMMON/FLAG/IMTX, IPV,IPTRAJ,IPVTM,IFILE, ITER.
CDHHON/CONSTanE'MM’GAHMA'UDH1UTIME'UVELM'ERRMAX DTR
READ(5910015AMMA9UDH1UT]ME UVELM
READ(5, 100)ME MM
READ{S,101)IMODE, IPV,IPTRAJ,IFILE
READ{5, 100)REMO,VEMD
READ{5,100)TDAYD,TRIPD,ERRMXM
DTR=]1.7453292519943296D~2
ERRMAX=ERRMXM/UDM '
TDAYF=TDAYO+TRI1PD
TSTART=TDAYO/UTIME
TEND=TDAYF/UTIME
IMTX=0
IPVTM=0
ITER=0D
NR]TE{b,102)GAHHA,UDM,UT]ME,UVELH,ERRMXN ERRMAX ME ¢ MM
HRITE(&,103)TDAYO!TRIPD;TDAYF,TSTART TEND
WRITE(64105}REMO,VEMD
G0 TO (1,2),IMODE
1 READ(5, 100)REVHAG,VEVMAG'DINCDvLUNDvTHED
OINC=DTR*OINCD
LON=DTR*LOND
THE=DTR*THED
CALL COMICB{REVHAG'VEVMAGfLON'THE!DINC'REVO'VEVO'VEVOP‘
NR‘TE(br106)REVMAG,VEVMAG'OINCDvLUND THED
G0 TO 3
READIﬁleU’REVU,VEVOP
HRITE(ble?]REVOvVEVOP
1F(1PV.EQ.O) GO 10 4
READ(5;100'PVO
IMTX=1
IPVIM=1
WRITE(6,108)PVO
. & WRITE(b, 104)1”00E;IPTRAJ11FILE IMTX, IPVLIPVTM ,
‘ CALL THRBDYlTSTART;TEND,REVOQVEVO? REMU;VEMQ PVO'REVF VEVF.
1REMF VEMF,5114512,521,522)
WRITE( 6, 109’REVF,VEVF'REMF,VEMF
100 FORMAT(4D20.11)
101 FORMAT(415) ‘ ' '
1072 FORMATI(1LH 940X,'THREE -~BODY TRAJECTQRY /IHG'TS:'GAMMA"TZB,
1YUDME, T#Bg'UT]ME'yTﬁBy'UVELM‘gTBBq'ERRMXM',TlOBg‘ERRMAX fIH
21P6eD20.11/1H yTByTMEY 3 T2B, "MM*/1H ,1P2020.11)
103 FURMAT‘IHO,TBg'TDAYO';TZB;'TR]PD',T4B¢'TDAYF'9T68y'TSTART'
1788, *TEND?'/1H +1P5D20.11) :
104 FORM&T(IHG,TB,'IMUDE"TZBq'lPTRAJ‘gT#B,'IFILE',T68y'IHTX'
1TBB+* IPVY,T108, *IPVIM'/1H ,110,5120)
105 FORMAT(1HO,TB,'REMO',768,*VEMO'/1H v1P6D20.11)
106 FURMAT(lHﬁqTB,'REVMAG'pTZB,'VEVMAG'yT#By'UINCD',TbB,'LUND'
1 1788, 'THED!' /1H +1P5D20.11)
l07 FORMAT( 1HO, T8, "REVO', T68,'VEVOP*/1H ,1P6D20.11)
108 FORMAT{1HO,T8,;'PVO*/1H ,1P6D20.11)

N
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109 FORNAT(IHO,TB,'REVF',T&B,'VEVF‘IIH ,1P6020.11!1H0,T8,'REMF'
1768y Y VEMF Y /1H qleDZO 11) : -

RETURN
END
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PRUGRAM EXLAM

PROGRAM SDLVES 2~POINT BOUNDARY VALUE PROBLEM OF TRANSFER FRDM
A GIVEN INITIAL POSITION TO A GIVEN FINAL POSITION 1IN FIXED TIME.
TMPLICIT REAL*B(A-HyK=My0~7]}

- DIMENSION RSEO{E),VSEO(BI,RSMO(B)oVSMO(3),REVD(3!.VEVO(B)v_
TIRSVO(3) ,VSVD{3),VSVI(3) 4 VEVOP(3),RSVF{3},VSVF{3),RSEF(3),
2VSEF(314RSMF(3),VSMF{3)4511(3,3},512(3+3), $21(3, 3),922(3,3).
ARSVIAR(3) ,PVOLAD
COMMON /CONST /MS ¢ ME oMM, GL 1 s AUM,UTIME, UVELM ERRMAx.DTR

CUMMDN/FLAG/IMTX,IPV,}PTRAJrIPVTM.IFlLE lTER,ITAR

READ(5,100)GL1,AUM, UTIME.UVELM

READ(5, 100)MS s ME 4 MM ‘

READ(S,}OI)IMDDE;ITLMAX,IPTJX TFILEX

READ{S5, 100)RSEQyVSEQsRSMO,V.SMO

READ(5,100) TDAYO s TRIPRD,ERRMXM
"READ(5, 100}RSVTAR,ERRMIN
READ(5,100)KNR
DTR=1,7453292519943296D-2

ERRMAX=ERRMXM/ AUM

TDAYF=TDAYO+TRIPD

TSTART=TDAYO/UTIME

TEND=TDAYF/UT IME

IMTX=1

1PV=0

IPVTM=0

IPTRAJ=0

IFILE=0

NRITE(&,IOZJGLI AUM,UTIME,UVELM ERRMXM ERRMAX 3 MS»ME MM,ERRMIN,
1KNR

NRITE(G,103ITDAYO,TRIPD,TDAYF.TSTART,TEND
WRITE(6,104) IMODE,, ITLMAX, IPTIX lFlLEX.IPTRAJaIFILE
'wRITEt6,105;R5E0,VSEO,R5M0 VSMU.RSVTAR
GO TO (142,3),IMODE

READ(S), 100}REVMAG,VEVMAG,OINCD,UBLD,LGND,THED
DINC=DTR*DINCD

-.0BL=DTR*0BLD

LON=DTR*LOND

THE=DTR*THED .

CALL COMIC (REVMAG, VEVMAG LON;THE;DINC1UBL.VCIR,RSEQ,VSEO'
IREVO,VEVO,RSVDsVSVO,VSVI)

‘ HRITE{G;106)REVMAG;VEVMAGleNCD,DBLO’LOND THED

201

3
6

G0 TO 6

READ(55100)REVO,VEVOP

DO, 201 I=1+3

RSVO(I}=RSEO(1)+REVO(1)

VSVI{I}=VSEO(1)+VEVOP(T)

WRITE{6,107)REVO,VEVOP

G0 T0 -6

READ(5,100)RSVO,VSVE

WRITE(6,108)RSVO,VSVI -

CALL LAMB(TSTART,TEND, Rsvo.VSVI,RSEQ,VSEO,RSMG,VSMD,KNR,ITLMAx,

" 1ERRMINyRSVTAR, sRSVF 4 VSVF, RSEF,VSEF RSMF.VSMF,SII;SIZ,SZI 522)

IPTRAJ=TPTIX

AFILE=TFILEX - | |

IMTX=0 . o
IE(IPTRAJ.GT.0) GO YO 7 e |
1F(IFILE.GT.0) 60O .TO 7 7
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GO TO 8. : : :
7 CALL FOURBY(TSTART, TEND+RSVO,VSVI,RSEQ,VSEO,RSMO,VSMO,PVOy .
.lRSVF'VSVF,RSEF,VSEF,RSMFyVSMF;Sl1o512s521y$22) o
8 CONTINUE B
o0 FORMAT(4D20.11)
101 FORMAT(415)

102 FORMAT(1H ,40Xs*FOUR-BODY LAMBERT_PRDBLEH'/IHO}TB{'GLI'qT28,“

1VAUM? y T48, VUTIME Sy T68, YUVELM?, 788, Y ERRMXM?, 7108, 'ERRMAX*/1H -
21P6020.11/1H ,TBv'HSv!vTZG,'ME'iT48v!MM'¢T63f'ERRMIN'JT83’
3VKNRY/1H 41P5D20.11) - o

103 FORMAT{1HO, T8y ! TDAYO? ,T28, *TRIPD? 4 T484 ' TDAYF?,T68, ' TSTART!,
1788, TENDY /1H ,1P5020.11) : :

106 FORMAT{1H »T8, IMODE® 728, ITLMAX®,T48, 1 IPTUX!,T68, tIFILEX?,
1TB8, ' [PTRAJ ,T108," IFILE' /1N ,110,5120) - | o

105 FORMAT(1HO,T8B,'RSEOQ',T6B,'VSEO*/1H ,1P6020.11/1H”.T8q'RSMO'"_

1T68,*VSMO'/1H +1P6D20.11/1H +T8B,'RSVTAR!/1H »1P3020.11)
106 FURMAT(1H0,T8,'REVMAG',T2B,'VEVMAG',T48,'DINCD',T&B,'DBLD',
1T88,1LOND*,T108, ' THED*/1H ,1P6D20.11) e ‘ .
107 FORMAT(1HO,T8.'REV0',T68,'VEVOP'/IH_11P6020.11)
108 FORMAT{1HO,T8,'RSVO',T68,*VSVI*/1H +1P6D20.11)
RETURN : o .
END
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PROGRAM EXLAM3 ' o : ‘
PROGRAM SOLVES 2-POINT BOUNDARY.VALUE PROBLEM OF TRANSFER FROM
ﬁlﬁéVEN INITIAL POSITION TO A GIVEN FINAL POSITION IN FIXED
IMPLICIT REAL*B{A-H,K~M,0-2) , |
DIMENSION REMO(3),VEMO{3),REVTAR(3),REVO(3),VEVO(3),VEVOP(3),
IREVF (3),VEVF(3),REMF(3),VEMF{3),511(3,3},512{3,3),521(3+3),
2522(3,3),PV0(6) = ' '
COMMON 7CONST3/ME MM s GAMMA , UDM , UTIME s UVELM, ERRMAX yDTR
COMMON/FLAG/IMTX, 1PV, IPTRAJy IPVTM, IFILESITER,ITA
READ(5,100)GAMMA,UDM,UTIME,UVELM Lo
READ(S, 100IME 4 MM o : ' - "
READ(5,101)IMODE s ITLMAX IPTJXy IFILEX
READ(5, 100 )REMOyVEMOD e
READ(5,100)TDAYO, TR1PDyERRMXM
" READ(5,100)REVTAR,ERRMIN
READ{5,100)KNR '
DTR=1.74532925199432960-2
ERRMAX=ERRMXM/UDM '
TDAYF=TDAYO+TRIPD
TSTART=TDAYO/UTIME
TEND=TDAYF/UTINME
IMTX=1 | :
IPV=0
1PVTM=0
IFILE=0 : o . ;
WRITE (6102 )GAMMA yUDM,UT IME UVELM 4 ERRMXM, ERRMAX ¢ ME s MM, ERRMIN 4 KNR
WRITE(6,103)TDAYO, TRIPDy TDAYF 4 TSTART,TEND - '
 WRITE(64104) IMODE y ITLMAX, IPTJX IFILEX
WRITE{&,L05)REMO4VEMO4+REVTAR
GO TO (1,42),1MODE o ,
"1 READ(5,100)REVMAG,VEVMAG,OINCD,LOND,THED
OINC=DTR*OINCD ' o
LON=DTR*LOND
THE=DTR*THED ) ,
cALL_coMLcatREVMAG;VEVMAG.LUN.THE,OINC,REVO,VEVO.VEVOP)
WRITE(65106)REVMAG,VEVMAG ;OINCD,LOND, THED ‘ :
G0 7O 3 : -
2 READ(S,100)REVO,VEVOP
'3 WRITE(65107)REVO,VEVOP S -
C CALL LAMB3(TSTART . TEND ,REVO,VEVOP yREMO, VEMO ,KNR y ITLMAX s ERRMIN,
JREVTARsREVF 4 VEVF REMF s VEMF45119512,521,522) |
WRITE( 6, LOBYREVF 4 VEVF 4REMF 4 VEMF
IPTRAJ=IPTIX | :
JFILE=IFILEX
IMTX=0 , o
IF{IPTRAJ.EQ.O} GO TO &
IF(IFILE.EQ.O0) GO TO 4
6o T0 5 S . ' .
4 CALL THRBDVtTSTART,TEND,Revo.VEVOP,REMO,VEMo,pvo.REVF.VEVF,
1REMF,VEMF,511,512,521,522) ' : : :
5 CONTINUE
100 FORMAT(4D20.11)
101 FORMAT(415) _ &
02 FORMAT(1H ,40X,'3-BODY LAMBERT PROBLEM' /1HO, T8, *GAMMA! ,T28,
JtUDM® y T48, tUTIME ' 3 T684 'UVELM? 3 T88, 'ERRMXM! , T108, ' ERRMAX'/1H
21P6D20.11/1H T8, ME*,T28, MM ,T48, 'ERRMIN' ,T684'KNR'/1H
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A1P4D20.11) : '
103 FDRMAT(lHG'TB,'TDAYO',TZB;'TRIPD',T#Bp'TDAYF'vTﬁB,‘TSTART'
1788, 'TEND'/1H ,1P5020.11)
pa FORMAT(1H .TB,'IMUDE',TZB,'ITLMAX';T4B,'IPTJX',TbB,'IFlLEX /
: 11H ,110,3120)
105 FURMAT(lHO,TB;'REMO';T&B;'VEMO'IlH +1P6D20.11/1H vTB,'REVTAR /
J1H 41P3D20.11)

106 FURMAT(IHO,TB,'REVHAG',TZB"VEVHAG',T#B,'D!NCD'.TbB,'THED‘!lH v

. 11P4D20.11)

107 FORMAT(1HO,T8, *REVO!,T68,!VEVOP /1N ,1P6D20.11)

108 FORMAT(1HO,T8s ' REVF',T68,'VEVF'/1H ,1P6D20.11/1H pTS,'REMF'
1T68, ' VEMF'/1H ,1P6D20.11)
RE TURN
END
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PROGRAM ETP21 o ' T
PROGRAM COMPUTES FUEL OPTIMAL 2-IMPULSE TRANSFER FROM A PARKING

ODRBIT OF GIVEN INCLINATION TO A GIVEN FINAL POSITION AND VELOCITY

IN FIXED TIME. _
IMPLICIT REAL*B(A-H,K~-M,0-2) : -
DIMENSION RSEO(3),VSEO(3)sRSMO(3),VSMO(3)4XD(3)4X(3)9XS(3)y
IRSVTAR(3) ,VSVTAR(3),VI(343)4GS(3),TSIS(3),LTS(3,3),0L5(3,+3),
_2511513.3),5125t3.3)'521513,3),522513.3),GGS(31.V5AV{3,3),613',
ATST(3),LT(3,3)+L(343)466(3),511(3,31,512(3,3),521(3,3)y °
4522(3,3),0%X(3),DELX(3),UVI{3),UVF(3},TEMP(3,3),DUM(3),UVID(3)
DIMENSIDON R13),RMv0(31.vmvo(3).Rsvot3l.vsv1(3),Uv15131+UVF5t3).
1GD(31.T510t3).LTD(3.3i,LD(3,31,5110t3,31,5120(3.31,5210(3,3),
25220(3,3).RSVF(3),VSVF(3),RSEFt31,VSEFtai,RSMFtsl.VSMFcan.
30UVI{3),REVO{3),VEVO{3),UVFD(3),PVO(6),G6D(3),VSVO(3)
COMMON/FLAG/IMTX s IPV,IPTRAJ, IPVIM,IFILE,ITER,ITAR .
COMMON/CONST/MS sME yMM4GL 1+ AUMsUTIME,UVELM, ERRMAXDTR
COMMON/TARG/AY ,AZATAR,RSVTAR,VSVTAR
READ{5,100)GL1,AUM,UTIME,UVELM
READ{5,100)MS s ME 4 MM
READ(S,100)REVMAG,0INCD,yOBLDs ERRMXM
READ(5,100)TDAYO,TTRIPD
READ(5,100)VEVMAG, LOND, THED
READ{5,100)RSEO,VSEO+RSMO,VSMO
READ(S5,100)EPS,EPSTSI+KDXyEPSY
READ(S5,101)ICOMV, ITERMX,IFILEX,ITAR
1IF(ITAR.GT.0} GO TO 21 C ' :
READ(S,100)AYM,AZM,ATARD i
GO TO 22 ' _ ' '
21 READ(5,100)RSVTAR,VSVTAR
B2 1F(ICOMV.GT.O} GO TO 19 .
OPTION TO INPUT VARIANCE MATRIX (ICOMV=0)
READ(5,100)L{VII4J)sd=143)41=1,3)
GO TO 1 B '
19 00 20 I=1,3
DO 20 J=1.3
ViIsyJ)=0. -
IF(I-EQ.J, v(IVJ‘=1-0
20 CONTINUE
1 IPv=0
IPVTM=0
1PTRAJ=0
1FILE=0
IMTX=1
ITER=0
ITERD=0 -
DTR=1.7453292519943296D~2
ERRMA X=ERRMXM/AUM
IF{ITAR.GT.0) GO TO 23
AY=AYM/AUM ‘
AZ=AIM/AUM
ATAR=DTR*ATARD
23 TDAYF=TDAYQ+TTRIPD
' TYRIP=TTRIPD/UTIME
TSTART=TDAYO/UTIME
TEND=TDAYF /UT IME
ALPHA=1,0D-3
BETA=10.
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- ALPHAM=ALPHA/ (1.~ALPHA) , :
BETAM=BETA/(BETA~1.) - aaat
WRITE{6,4102) '

WRITE(6,103)GLLAUM, UTIME;UVELM ERRMXM,ERRMAX
WRITE(6,104)MS,ME,MM,0INCD,0BLD
WRITE(6,105)TDAYO, TTRIPD, TDAYF 4 TSTART, TTRIP,TEND
WRITE(6,106)RSEQ,VSED
WRITE(6,108’VEVMAG,LUNO;THED,REVMAG
WRITE(6,109)ALPHA+BETALEPS,EPSTSI, KDX'EPSV
WRITE(6,110) ICOMV, ITERMX,IFILEXyITAR
IFLITAR.GT.0) GO TO 24

. WRITE(64124)AYMyAZM, ATARD

24
25

200

GO 70 25

NRITE(G'125)RSVTAR,VSVTAR

LON=DTR*{LOND

THE=DTR*THED

"DINC=DTR*0INCD

OBL=DTR*=0OBLD .

XS(11=VEVMAG

XS{2)=LON

XS(3)=THE o _
COMPUTE INITIAL MNOMINAL TRAJECTURY : v
CALL COMFG(TSTART,TEND, REVMAG,XS,UINC DBL,RSEQ VSEO, RSMO;VSMO!
lF%rTESTRSvGS TSlSiLTS’SllS!SlESrSZIS;SZZS UVIS’UVFS]
ITER=1 :

CAaLL CUMAUG(FS,GS!TSIS!LTS’V'LS’FGS!GGS}

1F{ ICOMV.EQ.0)Y GO TO 200 '

OPTION TO COMPUTE TRIAL VARIANCE MATRIX (ICUMV 1)
GGSMAG=VMAG(GGS)

DO 2 1=1.3

DO 2 J=1,+3

V(I,J)»V{IvJ)*EPSV/GGSMAG

CONTINUE

NR!TE(B!III)‘(V(I,J)!J 153)sl= 193'

SAVE VARTANCE . MATRIX

DO 3 I=1,3

DO 3 J=1,3

VSAVII,J)=ViI.d)

KvV=1l. .

KDXSAV=KDX

IF(TESTRS.GT. EPSTSI)GO T0 8 ‘

UPDATE VARIABLES '

CcaLL UPX‘XSvFSrTESTRSrGSvTSISrLTSyLS,FGSvGGSvSl1515125 5215,
ISZZS,UVIS.UVFS,X,F,TESTR,G,TSI,LT.L FG'GGySIIySIZ 521,522,
2UVIsUVF)

WRITE(E.,112)X4Fy FGvTESTR

WRITE{(6,113)TS1,46

WRITE(6,114)LT

WRITE(6,115)66

"ACCELERATED GRADIENT PROJECTION ITERATION LOOP
ITERD=1TERD+1

00 501 I=1.3

DO 501 J=1,3

ViIed)= KV*VSAV(I:J)

CALL MXVIV4GGeR»3,3)

P=DOT(GGs+R+3)
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1F(IP~2.%FG).LE.EPS) GO TO 7

“LAM=2 XFG/P

- 601

701

CALL VVT{R,TEMP,3)

DO 601 i=1,3

DO 601 J=1,3

VSAVII,0)=VI(IyJ)+(LAM= lni*TEMP(]oJl/P
Gao T0O s

CALL MXV(V.GG DXy343)

FORM TRIAL NEW INDEPENDENT VARTABLES
DO 701 1=1,3

XSI1y=X(1)=DX(1)
HRITE(6,116}ITERD,DX
WRITE{&6,117)XS.KV
WRITE(G6, 111 (V{T4Jd)sd=1,43091=1,3)
CaALL CUMFG(TSTARTpTENDyREVMAGvXSvDINCvDBLvRSEOvVSEOvRSM09VSM09

IFSsTESTRS 9GS, TSIS,LTSeS115,5125+5215,5228,UVIS,UVFS)

801

901

10

11

CALL COMAUG(FS,GS,TSIs.LTs,v,LS,FGS'GGS)
IFITESTRS.LTLEPSTSI) GO TO 11

CONSTRAINT RESTORATION

WRITE(64118) -

CALL COMDX(LTS+LS+TSIS,DX)

WRITE(6,119)DX

DO 901 I=1,3

DELX(1)= KDX*DX{I)

XD{1}=XS(I)+DELX(T1)

WRITE{6,120)KDX,DELX

CALL COMFG(TSTART, TEND,REVMAG.xD.DINc,DBL.RSEo.VSEO RSMO ,VSMO,
1FD, TESTRD.GDfTS]D!LTD;SI]D;SIZDoSZlD,SZZD.UVID UVFED)
IF(TESTRD.LT.TESTRS) GO TO 10 '
KDX=KDX/10.

WRITE(64126)

GO TO 9

CALL CUMAUG(FD.GD,TSID.LTD,V,LD,FGDfGGDJ

CALL UPX{XDyFDyTESTRD+GD4TSIDyLTD,LDyFGD+GGD, 5110.5120 $21D0y
1522D,UVID,UVFD, xs,Fs,TESTRs.Gs,TSIS.LTS.LS,FGS,GGS.5115v5125,
2521548225, UVIS, UVFS)

KDX=2.2KDX

IF(KDX.GT.1.0)KDX=1.0

"IF(TESTRS.GTLEPSTS1) GO TO 801

KDX=KDXSAV : ' o

IF(ITERD,.EQ.0) GO TO 11 ’

IF(FS.LT.F) GO T0O 11

KV=KV/2. :

GO TO 5 u

CONSTRAINT RESTORED -

1E(ITERD.LTLITERMX)GO TO 300

WRITE{(6,4127)

GO 1O 17

300 IF(ITERD.EQ.0}GO TO 16

UPDATE VARIANCE MATRIX
CALL MXV(V,GGSsR4y343)

 P=DOT{GGSyRy3)

WRITE{6y12L)FSsTESTRSyFGS,TSIS

" WRITE{6,122)GS+GGS

WRITE(69123)P
IF(P.LT.EPS) GO TO 17
GAMMA=-DOT{GG¢R43) /P
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1F (GAMMALEQ. (~1.)) GO TO 12

IF(GAMMA,GE.ALPHAM}GO TO 13

LAM=ALPHA ' o ‘

GO TO 1& : o

12 1F{GAMMA.LE.(-BETAM)) GO TO 13
LAM=BETA
GD T0 14 SR
13 LAM=GAMMA/({GAMMA+1,)
14 CALL VVT{RsTEMP,3)
DO 15 I=1,3
DD 15 J=1,43 : o
15 V(I40)=VI{IygJ)+(LAM=1,1*TEMP(TI,J3)/P
IF{FGS.LT.FG) GO TO 16 .
GO TO & , o
16 Kv=1, ' . ' -

CALL UPX{XS+FS,TESTRSGS9TSIS, LTS, LSyFGS+665+511545125,5215,
lszzs,UVIS,UVFs,x,F.TESTR,G,TSI,LT.L,FG,GG,511,512,521,522,
2UV1,UVF) } T

IF{ITERD.EQ.O0) GO TO &

DO 161 1=1,3

DO 161 Jd=1,3

161 VSAV(I'J)‘V(I,J)
: GO. TO 4 o S :
17 CALL UPX{XSyFSyTESTRS 4GSy TSISsLTSyLSsFGS+G6SyS1159512595215,
lszzs.UVIS,UVFs,x,F,TESTage,TSI,LT,L,FG,GG,Sll.512.521,522,‘

2 UVI,UVF) ' :

COMPUTE PRIMER VECTOR DERIVATIVE

CALL MXV(S11,UVI,DUM,3,3)

CALL INVERT(S12,TEMP)

DO 18 I=1,3 . '

18 DUM(I)=UVF(T1})-DUM(T)

CALL MXV(TEMP,DUM,DUVI+3,3)

DO 400 I=1,3 :

PVO(T)Y=UVI(I)

400 PVO{1+3)=DUVI{(])

IPV=1
IPVTM=1
IPTRAJ=1
IFILE=IFILEX B - o
GENERATE OPTIMAL TRAJECTORY AND PRIMER VECTOR HISTORY
VEVMAG=X{1} o .

LON=X(2) , ‘
THE=X(3) : T . :
CALL COMIC(REVMAG VEVMAG yLON, THE,GINC4OBLyRSEOQ,VSEOQ,REVO,VEVO,
1RSVO,VSVD,VSVI) : ' ‘ :
CALL FOURBY{(TSTART,TEND,RSVO,VSVI,RSEO,VSEO,RSMO, _
1VSMOsPVO,RSVFVSVF ,RSEF 4 VSEF ) RSMF,VSMF4S114512+5214522)

100 FORMAT(4D20.11) R

101 FORMAT(415) ' .
102 FORMAT{1H ,TB,'4-BODY 2-IMPULSE OPTIMAL TRANSFER FROM EARTH®/

11H +FB8,'TO HALO TARGET AT Ll. ITERAYE ON VELOCITY MAGNITUDE®*/
21H +78,%,LONGITUDE OF NODE AND ORBITAL ANGLE FROM NOOE USING'/
31H » T8, "ACCELERATED GRADIENT PROJECTION AND DAVIDON VARIANCE'/
: " 41H T8y "METHODY) o . ' _ .
203 FDRMAT(IHO,TB;'GLI',TZB,'AUM"T48,'UTIME',TﬁS.'UVELM',TBB,
1YERRMXM' , 7108, 'ERRMAX*/1H s 1P6D20L,11) S
104 FORMAT(1H ,Ta,'MS',TZB.lME"Téa,'MM'.Tﬁﬂ,'UINCD',TBB;'DBLD'l
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11H .1P5020 11) oo '
105 FORMATI(1H ,TB,'TDAYO',TZB,'TTRIPD',T#B,'TDAYF',T&B,'TSTART'
1788, *TTRIP',T108,'TEND'/1H ,1P6D20.11)
6 FORMAT(1H oTB,'RSED',T68,'VSEQ'/1H +1P6D20,.11)
—+uT FORMAT(1H T8, 'RSMO',T68,'VSMO*/1IH ,1P6020.11)
108 FORMAT{1H ,Ta,'vevMAG',Tza,'LDND-,Taa,'THED-,Taa,lREVHAG /-
11H ,1P4D20.11) -
109 FORMAT(1H ,Te,-ALPHA',Tza,'BETA',Taa,-EPS-,Tba,-EPSTSI',Taa.
1'KDX*,T108,"EPSV'/1H ,1P6020.11)
110 FORMAT(1IH ,Ta.'lconv-,rza,'ITERMx',Taa.'IFILEX',Tas.'lTAR /
11H ,110,3120)
111 FORMAT(1HO.TB,*V*/1H 41P6D20.11/1H »1P3D20.11)
112 FORMAT(1HO T8y "X T6B,*F1,T88, 'FG* 47108, *TESTR'/1H ,lpbnzo 1)
113 FORMAT(IH ,T8,*TSI',T68,'G*/1H +1P6DZ20.11)
114 FORMAT(LH ,T8,'LT'/1H +1P6D20.11/1H +1P3D20. 11)
115 FORMAT(1H oTB,'GG'/1H 41P3D20.11)
116 FORMAT(1H1,T8,*1TERD",728,'DX"'/1H »110,10X,1P3D20.11)
117 FORMAT({LH »TB,yt*XS?,T68, 1KV /1IH 41P4D20.11)
118 FORMAT(1HO, T8y "CONSTRAINT RESTROATION?')
119 FORMAT(1HO,T8,'DX*/1H »1P3020.11)
120 FORMAT(1H ,¥8,'KDX',T28,'DELX*/1H ,1P4020 11)
121 FORMAT(1H ,TB,'FS"T2B,'TESTRS',T#B,'FGS',TbB,'TSlS'/lH ’
11P6D20.11)
122 FORMAT(1H +T8+'GS*,T68y'GGS*/1H 41P6D20411)
123 FORMAT(1H ,T8y*PY'/1H ,1PD20.11)
124 FURMAT(lHe.Ts.'AYM',Tza,'AZM',Taa.'ATARo'llH +1P3D20. 111
125 FORMAT{1HO,T8,"INPUT TARGET'IlHo,Ta,'RSVTARl,Tbs,'VSVTAR'/
11H 41P6D20.11)

" 126 FORMAT(1HO,T8," : )
27 FORMAT(IHG.TB,'NO. DF DAVIDON ITERATIONS HAS REACHED MAXIMUM!')
"RETURN
END
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aNa el

PROGRAM ETPZ13

. PROGRAM CDHPUTES'FUEL DPTIHAL 2-IMPULSE TRANSFER FROM A PARKING

ORBIT OF -GIVEN INCLINATION TO A GIVEN FINAL POSITION AND VELOCITY
IN FIXED TIME IN EARTH-MOON-VEHRICLE SPACE. : '
FMPLICIT REAL*8(A-HyK-M,0-2) . - .
OIMENSION REMO(B).VEMO(B),XDl3lyXl3),XS(3).REVTAR(3),VEVTAR(3)’

'1V(3,3)gGS(31.TSISlB),LTS(3§3)'LS(B,B}1SllS(3y3),SlZS(3,3)'

25218(3,3!,GGS(3I1VSAV{3,3?;GI3);TSI(B?;LTJB-3),L1393)yGG(3)§
3511(31311512(3,3)1521‘3{3,|522(313’[DX(3,1UELX(3,'UVI‘3|'UVF(3}Q
4TEMP(3,3),DUM(3)oUVID(B)75223(313)JPV0(GIVGGUIBI

DIMENSION R(3]yREV0l3),VEV0(3)9VEV0P(3),UVIS(B);UVFS{3!,UVFDI3I'
1GD(3I.TSID(3);LTD(3r3)1LD(3:3)ySllDl3v3)pSIZD(3,3115210(3;3),
25220(3'3}'REVFIB)gVEVF{BJpREMF(3},VEMF(3)'DUVI(3)
CUMMUN/FLAG/IHTX,lPV,IPTRAJ;IPVTM,IFILE,ITER'ITARj_

COMMON/CONST3 /ME y MM, GAMMA , UDM; UT TME  UVELM, ERRMAX,DTR - - B

 COMMON/TARG/AY sAZ+ATAR,REVTAR, VEVTAR

21

19

READ(5,100)GAMMA,UDM,UT IMEUVELM
READ{S+100)ME MM ‘

READ({5, 100)REVMAG 4 OINCD 4 ERRMXM
READ(5,100)TDAYD,TTRIPD
READ(5,100)VEVMAG,LOND, THED -
READ(5,100)REMO,VEMO _ '
READ{Sy LOO)EPS,EPSTSIKDX,EPSY
READ(5,101) ICOMV, ITERMX, IFILEX,ITAR
IF{ITAR.GT.0) GO TO 21
READ{5,100)AYM,AZM,ATARD

G0 TO 22 S
READ(S5,100)REVTAR,VEVTAR
IF{I1COMV.G6T.0) GO TO 19 _
OPTION TO INPUT VARIANCE MATRIX (1COMV=0)
READ(S5,100) ((VI(15J}ed=143)91=1+3)
GO 7O 1 , : .

DO 20 I=1,3

DO 20 J=1,3

ViIeJ)=0e ‘ -

IFLTI.EQ.J) VIId)=1.0

CONTINUE

1PV=0

IPVYTM=0

1PTRAJ=0

IFILE=0

IMTX=1

ITER=0

ITERD=0 o o
OTR=21.7453292519943296D~2
ERRMAX=ERRMXM/UDM -
1IF(ITAR.GT, 0} GO TO 23

 AY=AYM/AUM

23

AZ=AIM/AUM
ATAR=DTR*ATARD
TDAYF=TDAYO+TTRIPD
TTR1P=TTRIPD/UTIME
TSTART=TDAYO/UTIME
TEND=TDAYF /UT IME
ALPHA=1.0D-3

BETA=10. _
ALPHAM=ALPHA/(1.~ALPHA)
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24
25

200

501

" BETAM=BETA/{BETA-1.)

WRITE(6,102)

.HR17E(6¢103lGAMHA UDM'UTIME,UVELM,ERRMXM,ERRHAX
WRITE(6,104)MEsMM, OINCD

WRITEL( b, 1051TUAYO;TTRIPD'TDAYFyTSTART'TTRIP TENU :
WRITE(6,106)REMO,VEMO -
HR]TE(&!IUBDVEVMAGQLDND?THED,REVMAG :
NRITE(bq109)ALPHAQBETA,EPS;EPSTSI,KDX,EPSV
‘WRITE(&vllO]ICDHV_]TERHX,]FILEXvITAR .-
IFLITAR.GT.0)} GO TO 24
WRITVE(6y124)AYMsAZM,ATARD

G0 T0O. 25

NRITE(&;125)REVTAR9VEVTAR

LON=DTR*LDND-

THE=DTRATHED
- OINC=DTR*QINCD

XS(1)=VEVMAG

" xS{2)=L0ON

X5{3)=THE

COMPUTE INITIAL NOMINAL TRAJECTORY

LALL COMFG3(TSTART1TEND,REVMAGvXS101NCgREMO!VEMO,FS'TESTRSyGS!
lTSISQLTSvSllStSl?SvSZlS,SZZSvUVISvUVFSi '

ITER=}

CALL CBHAUG(FS:GS,TSIS,LTSvV’LSvFGS,GGS)

IF(ICOMV .EQ.0) GO TO 200

OPTION TO COMPUTE TRIAL VARIANCE MATRIX (ICOMV 1)
GGSMAG=VMAG(GGS). - :
DO 2 I=s1+3 '

DO 2 J=1,3
.V(IoJ)—V(IvJ‘*EPSV/GGSMAG
. CONTINUE ‘ '

WRITE({6,111) {({V(Iysd)ed= 113lv1 1v3)

SAVE VARIANCE MATRIX

DO 3 I=1,.3

PO 3 J=1,3

VSAVIT,.J)=VIId)

KV=1,

"KDXSAV=KDX

IF(TESTRS.GT. EPSTSI)GU TU 8 _
UPDATE VARIABLES ‘ ' -
CALL UPX(XS,FS;TESTRS,GS,TSIS,LTSvLS FGS,GGS,SIIS;SIZS,SZlS,
ISZZSyUVIS UVFSy Xy FoTESTR G!TSIVLT L,FG!GG!SII?SIZ,SZI;SZZ' ‘
2UVI,UVF)

WRITE(64112)XsFy FG’TESTR
NRITE(69113)TSIQG '

WRITE(6+114)LT

WRITE(6,115)66

ACCELERATED GRADIENT PRUJECTION ITERATIUN LooP
I TERD=ITERD+1

00 501 I=1,3

DO 501 J=1,3

V(Igd)=KVEVSAVII,LJ)

CALL MXVIV4GGyR43+3)

P= DOT(GGsRy3) '

TF( (P2, %FG)LLE. EPS} GO TO 7

" LAM=2.%FG/P

CALL VVT{R,TEMP,3)
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601

701

801

901

10

11

300

DO 601 =143

DO 601 J=143

VSAVtI,J:-VtI.J)+tLAM 1. )XTEMP(14J) /P
G0 TO S5 '
CALL MXV{VsGGsDXy3¢3) '
FORM TRIAL NEW TINDEPENDENT VARIABLES

DO 701 I=1,3

XS(L)=x{1)-DX{I)

WRITE(6,116) ITERD,DX

WRITE{64117)XSsKV

WRITE(6,111) ((V(14d)yd= 1'31.1 1+3)

CALL COMFG3(TSTART,TEND,REVMAG 4XSy0INC,REMO, VEMO,FS,TESTRS,GS;
1TSISy LTSy 511595125+5215+5225,UVIS UVFS)
CALL COMAUG(FS,GSyTSISsLTS,V,LSsFGSGGS)
IF(TESTRS.LTLEPSTSI) GO 7O 11

CONSTRAINT RESTORATION '

WRITE(6,118) :

CALL COMDX(LTSyLSs TSIS,DX)
WRITE(64119)0X

DO 901 1=1,3

DELX(1)=KDX*DX{ 1)

XD{1)=XS{I1)+DELX( I}

WRITE(64120)KDX,DELX

CALL COMFG3{TSTART,TEND, REVMAGvXD;DINCqREMO,VEMOvFD,TESTRD-GDo
1TSID,LTD,5110.5120,5210 SZZDvUVIDrUVFD)
IF(TESTRO.LT.TESTRS) GO TO 10
KOX=KDX/10.

G0 TO 9

CALL COMAUG{FD,GD, TSID,LTD.V,LD,FGD,GGD)
CALL UPX(XD,FD,TESTRD,GD,TSID,LTD,LD+FGD; GGD'SllD,SIZD'SZIDv
1522D,UVIO,UVFD, XS+F S, TESTRS;GS.TSIS;LTS,LS FGSyGGS+S1154S12Sy
25215+522SyUVIS,UVFS) .

KDX=2+%KDX

IF(TESTRS.GT.EPSTSI) GO TO 801
KDX=KDXSAV

IF{1TER.EQ.0). GO TO 11

IF(FS.LT.F) GD TO 11

KV=KV/2. :

GO TO 5 _

CONSTRAINT RESTORED
IF(1TERDLLT.ITERMX)IGO TO 300
WRITE(6,126) -

GO 10 17

1F(ITERD.EQ.0)GD TD 16

UPDATE VARIANCE MATRIX

CALL MXVIV,GGSsRy34+3)

P=DDOTIGGESyRy3) !
NRITElb,121)FS,TESTRS,FGS,TSIS
WRITE(6,122)GS+GGS :
"WRITE(6,123)P .

IF(P.LTL.EPS) GO TO 17
GAMMA=—DOT(GGyR¢3) /P -

IF{GAMMA  EQ.(-1.,)) GO T0 12

1F (GAMMA, GE, ALPHAM)GD TO 13

LAM=AL PHA

GD TO 14
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12 IF{GAMMA.LE.{~BETAM})) GO TO 13-
LAM=BETA _
- GD TO 14 -
)13 LAM=GAMMA/{GAMMA+1.)
14 CALL VVT{R,TEMP,3)
DD 15 I=1,3 '
7 DD 15 J=1,3 _ L

15 VUIeJ)=V(I,J)+(LAM=1,}XTEMP(T,J) /P
IF(FGS.LT.FG) GO TOD 16
GO TO 6 :

16 Kv=1. . R
CALL UPX(XSsFSyTESTRSGS,TSISsLTSyLSsFGSyGGSyS11S,5125452135,
15225 sUVISoUVES ¢ XsFyTESTRyG TSI oL TyLsFGsGGyS1195129521,522,

2UVI4UVF) o . o : . . o
IF{ITERD.EQ.O) GO TO 4
DO 161 1=1,3
DD 161 J=1,3
161 VSAV(I,J0)=V{I.d)
GO TO 4 _ , :
17 CALL UPX(XSyFSsTESTRSGSsTSISstTSyLSsFGS9665951159512545215y .
. rszzs,UVIs,UVFs,x,F,TESTR,G,TSI,LT,L,FG.GG,Sll.512.521,522.
. .2 UVI,UVF) : '
C COMPUTE PRIMER VECTOR DERIVATIVE
~ CALL . MXV{S11,UVi,DUMs3,3)
CALL INVERT{S12,TEMP)
DO. 18 1=1,3
18 DUM{1)=UVF(I)-DUM(I)
CALL MXV(TEMP,DUM,DUViy3,3)
DO 400 1=1,3 :
— PYO(T)}=UVI(]) ‘
400 PVO(I+3)=DUVI(I)
- IPV=1
1PVTM=1
IPTRAJ=1
IFILE=IFILEX ' . :
C GENERATE OPTIMAL TRAJECTORY AND PRIMER VECTOR HISTORY
' . VEVMAG=X({1) S ‘ .
LON=X(2)
- THE=X13) ' ' o
CALL. COMIC3(REVMAGyVEVMAG,LONy THE,DINC,REVO,VEVO,VEVOP)
CALL THRBDY(TSTART,TEND,REVO+VEVOP,REMO,VEMO,PVO,REVF,VEVF,

. 1REMF,VEMF,511,512,521,522}) S ‘

100 FORMAT(4D20.11) '

101 FORMAT(415) ' -

102 FORMAT(1H ,TB,'3-BODY 2~IMPULSE OPTIMAL TRANSFER FROM EARTH!/
11H »T8,'TD HALO ORBIT AT L1 OR L2. ITERATE ON VELOCITYY/
21H ,T8,"MAGNITUDE, LONGITUDE OF NODE AND ORBITAL ANGLE. FROM'/
31M T8, 'NODE USING ACCELERATED GRADIENT PROJECTION AND '/
41H ¢T8,"DAVIDON VARIANCE METHOD') - .

103 FORMAT{ 1HOsT8, ' GAMMAY ,T28,'UDM',T48, '"UTIME*,T68, 'UVELM!,T88,
1 VERRMXMY ,T108, *ERRMAX*/1H ,1P6D20.11) :

104 FORMATUIH T8, ME?,T28, 'MM!,T48, 'OINCD*/
11H »1P5D20.11) _ ‘ -

105 FORMAT{L1H 5TB,'TDAYOQ! ,T28, ' TTRIPD*T48, *TDAYF',T68, 'TSTART!;
1T8B,y ' FTTRIPY yT10B, ' TEND'/1H »1P6D20.11} : : '

—,06 FORMAT(1H ,T8,"REMO*,T68,'VEMO'/1H ,1P6D20.111)"

108 FDRMAT (1H ,78, 'VEVMAGY,T2B, 'LOND' s T4B, ' THED' , 768, 'REVMAG* /
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11H 11P4020 11) _ '

109 FORMAT(1H ,Ta,'ALPHA'.TZB,'BETA',TQB.'EPS'.Tb&,‘EPSTSI"TSB.
1'KDX' 3 T108, YEPSV'/1H 41P6D20.11)

p FORMAT{1IH T8,'I1COMV?,TZ28,'ITERMX?, T481'IFILEX'¢T687'1TAR /

11H +11043102D0)

'111 FORMAT(1HO,T8,'V'/1H !1P6D20 11/1H 41P3D20.11).

112 FURMAT(lHOvTBQ'X'|T689'F"T889'FG'gT108,'TESTR'/IH 11p6020.1l)

113 FORMAT(1H ,T8,tTSi*,T68,'G'/1H +1P6D20.11) ' :

114 FORMAT(1H 4T84'LT?'/2H ,1P6D20.11/1H +y1P3D20.11)

115 FORMAT(1MH 4T84'GG'/1H +1P3D20.11)

116 FORMAT(1H1,T8,'1ITERD?,T28,'DX"/1H +y110410X,1P3D20. 11}

117 FORMAT(1H ,TBy'XS',T68,'KV'/IH +1P4D20.11)

118 FORMAT(1HGO, T8, 'CONSTRAINT RESTRDATION?')

119 FORMAT(1HO,T8,'DX'/1H »1P3D20. 11)

120 FORMAT(1H ,T8,'KDX?,T28,'DELX" /1K 4 1P4D20. 11,

121 FORMAT(1H 'TB"FS'yTZBg'TESTRS'gT481'FGS';T687'TSIS'/1H y
11P6D20.11)

122 FORMATI(1H rTB,'GS',TﬁBy'GGS /IH qlprZOcll)

123 FORMAT{IH ,T8,'P'/1H ,1PD20.11)

124 FURMAT(IHO,Tﬂy'AYM‘pTZB,‘AZM'1T481'ATARD'/IH ,1P3020 11}

125 FORMAT(IHO;TB,'INPUT TARGET /1H01T81'REVTAR'yTﬁB,'VEVTAR /1H &
11P6D20.11)

126 FORMAT( 1HO, TB"NU. OF DAVIDON ITERATIUNS HAS RFACHED MAXIMUM"
RETURN :
END
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190

200

PROGRAM PTP31}

PROGRAM COMPUTES FUEL OPTIMAL 3-IMPULSE TRANSFER FROM A GIVEN
INITIAL POSITION TO A GIVEN FINAL POSITION AND VELOCITY  IN
FIXED TIME. . . o ‘
IMPLICIT REAL*B{A-HysK~M,0-17) : E '
DIMENSTION X{4) 9Gl&4) oVAH44)4XS(4)4GS(4)sR{4),DX(4) 4RSVO(3)y
1VSVO{3) ,RSEO{3) yVSEO(3),RSMO(3),VSMO(3),VSVII3]), o
2TEMP1(4;4),SFM115(3.31.SFM125(3,31.SFM21S(3.3),5FM225(3;3),
3SM1115(3.3).5MI125(3,31,5M121513,31,5M1225¢3,311Rvaf3).
4YSYMP{3) ,RSYMS(3),VSVMPS{3),DUVIS(3),DUVMMS{3]), _
SDUVMPS(3) 4DGL4&) sVS{4e4)DXCL&) s XC[4)yRSVMCI3),VYSYMPC (3],
6UVIC(3),UVMC(3),UVFC(3),DUVIC(B},DUVMMCl3i,DUVMPC{3},RC(#);_
75M1116(3,3),5M112c13,3}.SM121C(3,3),SM122ct3,3),5FM11C(3,31.
BSFMIZC(3,3);SFM21£(3,3),SFMZZC(B,B),RSVMD{B),VSVMPD(B);UViS(S)c
9UVMS(3),UVFS(3!'St4),SFM11(393),SFMlZ(B,B),SFMZl(BiB)r
1SFM22(3,3),UVI<31.uvmfsl.UVF(3>,Duv1{31,DUVMM(3),DUVMPts),
JSMI11(3,3),SMI12(3,3),SMI21(3,3),SMI22(3,3),PV0O(6),PVYM(E),
IRSVTAR(3) ,VSVTAR(3),5FM11D(3,3),5FM12D{3,3)

DIMENSION VSVMM(3),RSEM{3),VSEM(3),RSMM{3]),VSMM(3),
1RSVF(3),VSVF{3),RSEF(3),VSEF(3),RSMF(3),VSMF(3)

DIMENSTION DGC{4)yVCi494),G6C14Y,VSVMMS(3)},VSVMMC(3) =
COMMON/CONST /MS s MEyMM,GL1 s AUMyUTIME ,UVELM,ERRMAX,DTR
COMMON/FLAG/IMTX, IPV, IPTRAJ, IPVTMy IFILE,ITER, ITAR
READ(5,10016L1 +AUM,UTIME,UVELM

READ(5,100}MSyME, MM

READ{S5,100)}TSTART yTM,TEND

READ{5,100)RSEO,VSEO,RSMO,VSMO

READ(5,100)RSVO,V5VO

READ(5,100}VSVI,VSVMP

READ(5,100}RSVTAR,VSVTAR

READ(S5, 100)KNRyERRMIN ERRMXM

READ(54100)FMINM,EPS,EPSY
READ(5,101)1COMV, ITLMAX, ILINCsITDMAX, IFILEX

IF1ICOMV.GT,0)GD TO 190 :

OPTION TO INPUT VARIANCE MATRIX{ICOMV=0)

READ(S,100}) 1IVI1,J)9Jd=ly&)y1=1y4)

GO TO 1 - A

DO 200 I=1,4%

DO 200 J=l.4

V.(11J1=Do_ .

IF{1.EDQ.J) VI(1,0)=1.0

CONT INUE
DTR=1.74532925199432960-2

ERRMAX=ERRMXM/AUM

FMIN=FMINM=UVELM

KNRSAV=KNR

ALPMIN=1.00-8 _
WRITE(64102)GL 15 AUMpUTIME JUVELM,ERRMXM,ERRMAX yM5 4 ME ¢ MM
WRITE(64103)TSTART 4 TM, TEND,RSVO,VSVO,RSEO,VSEO,RSMO,VSH
WRITE(6,104)VSVI,VSVMP,RSVTAR,VSVTAR :
WRITE(64105)KNRyERRMINSFMINMyEPSEPSV '
WRITE(65106) ICOMV  ITLUMAX, ILINC,ITDMAX,IFILEX

IPV=0 -

IPVTM=0"

IFILE=0

IPTRAJ=0

IMTX=1
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ITERD=0

DO 2 1=14+3

X(1)=VvSVI(I}

X(4)=THM

COMPUTE INITIAL NOMINAL TRAJECTORY ‘
CALL CUHF{TSTARTgTM'TEND,RSVU’VSVOQVSVIyRSEO,VSEUyRSMO,VSMD;
1ERRMIN,ILINC9KNRSAV1lTERD,ITLMAXQRSVMDyVSVHPDpRSVTAR,VSVTAR;
ZSFnllD'SFMlZDgRSVM,VSVMH,VSVHPvF1UVIQUVMQUVFole11!
35”112vSM121v5M12215FM11vSFMthSFMZleFMZZ) ' S

CALL CUMG‘SMI11,5M11215M12115M1221SFMIL!SFMIZyVSVMPgVSVMMqUVI1

 LUVM,UVF,DUVIDUVMM4DUVMP +G)

GMAG=DSORT(DOT{GsGy4).)
WRITE(6,108)F+GyGMAG
DO 3 I=1,3
RSVMD{ 1) =RSVM( 1)

 VSVMPD(I)=VSVMP(1)

50

52

51

61

62

DO 3 J=1,3

SFM11D(I,J)=SFM11{1+J)

SFM12D(14J)=SFM12(1,J)

IF(ICOMV.EQ.0) GO TO 40 ‘ o

OPTION TO COMPUTE TRIAL VARIANCE MATRIX ({ICOMV=1)

[)0 4 I=1"‘!

DO &4 J=1,4%

VII4J1=V{I,J)%EPSV/GMAG

CONTINUE \

WRITE(64107) ({VIIgJYyed=le@)eI=1a4}

ACCELERATED GRADIENT ITERATION LOOP

ITERD=ITERD+] ‘

WRITE(6,109) ITERD

CALL MXV(VyGeSebhed)

DO 50 I=l.4

S{1)==-S(1)

SG=D0OT(54Gy4)

WRITE(6,110)S5,+56

IF(S56.LT.0.)GD 7O 51

DO 52 I=1l,4

St1)==5(1)

$G=-5G :

WRITE(6,111)S5+56

ALP={FMIN-F)/SG

ALPHA=DMIN1(1.00+0,ALP}

DO 61 I=l.4 ‘

DX{I1¥=ALPHA%S(1)

XS{I)=X{1)+0X{1)

DD 62 1=1,.3

VSVI(1)=XS(1)

WRITE(H,112)DXsALPHA XS _

CALL CUHF(TSTART,XSf#],TEND;RSVO,VSVO,VSVI,RSEOyVSEOtRSMO.VSMO,
1ERRH1N91LINC9KNRSAV'ITERD,ITLMAXvRSVMD,VSVMPD,RSVTAR,VSVTAR,
ZSFMIID'SFMIZD;RSVMSvVSVMMSvVSVMPSrFSyUVlS,UVMS;UVFS'SMI115{
BSMIIZS,SMIZIS,SMIZZS'SFMl1SySFM125,SFM21$,SFM2ZS} o

CALL CUMG(SMIIISQSMI1251SMIZIS$SMIZZS?SFMl1S!SFM1251VSVMPS!
1VSVMMS,UVIS,UVMS.UVFS,DUVIS,DUVMMS}DUVMPS,GS) -

GSMAG=DSQRT{(DOTIGS¢GS+4))

WRITE(64113)FS,GS»GSMAG

DD 701 I=1l+4

701 DG(I11=GS5(1)-G(1)
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71

CALL MXVIVyDG4R444)

DO 71 J=le4

ROI)=R{T}~DX(I}
RMAG=DSQRT(DOT(R+Ry4))
P=DOT¢067R14]

PMAG=DABS{P)
SGS=DOT(S+GSy4) .
WRITE(%,114)DG,P4SGSsRsRMAG
CALL VVT{R,TEMP1,4)

. DO 81 I=1l,4

81
82

84

-840

a3

301"

902

91

92

DO 81 J=1,4 .
VI14)=VE1,J0)~TEMP1(1,J}/P
IF(S65.6T.0.)G0 TO 83
IF(FS.LT.FIGO T0 14
ALPHA=ALPHA/10.0 =
IF(ALPHALLT.ALPMINIGO TO 84
GO TO 6
DO 840 I=1,

DO B40 J=1,

V(led)=0. 7

IFLI.EQ.JIVIIsdd=1, |

V(1,3)=VI1,J)REPSV/GMAG

WRITE(64122)

GO TO 40

CONTINUE :

CUBIC INTERPOLATION BETWEEN X AND XS
Z=3.#{F-FS)/ALPHA+5G+5GS |

W2=2%2-SG*SGS

IF{W2.LE.0.,)G0 TO 13
W=DSORT(W2)

ALPHAC=ALPHA% (1.—( SGS+W—21/(SGS~SG+2.¥W))

DO 9 1=1,4 : |

DXC (1)=ALPHACXS{ I}

XC(I)=X{11+DXC(1)

DO 901 I=1,3

VSVI{1)1=XxC( 1)

WRITE{6,115)1DXCyALPHACyXC .
CALL COMF(TSTARTyXC(4),TEND,RSVO,VSY0,VSVI,RSEO,VSED,RSMO,VSMO,
{ERRMINg 1L INCoKNRSAV ¢ ITERDy I TLMAX yRSVMD, VSVMPD,RSVTAR,VSVTAR,
SSFMLLD o SFM12DyRSVMC ¢ VSVMMC y VSVMPC o FC,UVIC,UVMC JUVFC,SMI11C,
3SM]12C, SMI21C,SMI22C,SFM11C,SFM12C, SFM21Cs SFM22C)

CALL COMGISMI11C,SM112C,SMIZ1CySMI22C,SFML1C,SFM12C,VSVMPC,
1VSVMMC 2 UV 1C y UVMC y UVFC » DUV ICy DUVMMC+ DUVMPC,GC )
GCMAG=DSORT{DOT{GCyGCe4) ) |

WRITE{65116)FCsGCyGCMAG

DD 902 I=1,4

PGC{II=6C(II-6(1)

DO 91 =143 -

RSVMD( 1)=RSVMC( I}

VSYMPD(1)=VSVMPC( )

00 91 J=143 o

SFMLLD(1,3)=SFM11C(T4J)

SFM120(1,J)=SFM12C( T, d)

CALL MXV{VyGCyRCo4y4)

00 92 I=1+4

RC{T)=RC{I)-DXCL )

RCMAG=DSQRT(DOT(RCyRCy4))

4
4

T
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PCEDUT(DGCQRC"F]
CALL VVT{(RC,TEMPly44)
DO 93 l=1,.4

\ DO 93 J=144 ‘

93 V(l,J)=Vi1,0)-TEMPL{I,4J)/PC

_ leTE(e.l1?Jocc,Pc,Rc,RCMAG
"TIF(FS.GT.F)GO 7O 11

. IF(FC.GT.FSIGO TO 14 .

10 DO 20 I=1.4
X(I)=XxC(I)

20 G(1)=GC(1) -
DO 201 1=1,3
UVI(Iy=uviC(I)
UVM(I)=UVMCI(])
DUVI(1)=DUVIC{I)
DUVMM( 1 )=DUVMMC (1)
DUVMP( I)=DUVMPC(]) -
RSVMD(1)=RSVMC(I)
VSVMPD({11=VSVMPC(I)
DO 201 J=1,3
SFM11D(14J)=SFM11C(1,4J)

201 SFM12D{1,4)=SFM12C(1,J)

F=FC
GMAG=GCMAG
60 TO 16

11 IF(FC.LT.F}GD TO 10
FC GRTHN F. REPEAT INTERPOLATION IN REDUCED INTERVAL.‘
FS=FC
ALPHA=AL PHAC
DO 250 1=1,3
XS(It=XC(1)

GStI1}=GC(1)
RSVMS{I}=RSVMC (1)
VSVMPS(1)=VSVMPCL(1)
UVIS(IY=UVIC(I).
UVMS(T)=UVMCI(T)
DUVIS{1)=DUVICI(1}
DUVMMS( T)=DUVMMC ()
DUVMPS (1 1=DUVMPC (1)
D0 250 J=1,43

. SFM11S(1,J)=SFM11C(I,J)

2650 SFM12S{I1,J)=SFM12C(1,4}
SGS=DOT(S,GS+4)
WRITE{6,121)5GS

G0 TO 82
13 IF(FS.GT.F)GO TO 15

14 F=FS

. GMAG=GSMAG
00 140 I=1,4
X{1)=XS(I)

140 G(1)=6GS(1)
DD 141 I=1,3
UVICDI=UVISLI)
UVM( 1) =UVMS(T)
DUVI(1)=DUVIS(I)
DUVMM({ 1 )=DUVMMS (1)
DUVMP{ 1)=DUVMPS{ 1)
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RSVMD(1)=RSVMS(1)
' VSVMPD(1)=VSVMPS(I)
DO 141 J=1,3 :
CSFM11D(I,J)=SFM1158T4J)
41 SFMIZ2D(1,3)=8FM125(1,J)
15 CONTINUE '
16 DO 161 I=1,3
"RSVM{I)}=RSVMDI(I}
VSVMP{1)=VSVMPDI(T)}
DO 161 J=1,43
SFMI1(1,J)=SFM110(1,J)
161 SFMI2(1,J)=SFM12D(14+4)
WRITE(65118)X+FyGMAGy GyRSVYMD, VSVMPD
HRITE(G,].O'”((V(IqJ"iJFI!‘G‘vI:l'r‘F)
IF{GMAG.LT.EPS)GO TO 18 : :
IF{ITERD.LT.ITOMAX}GOD TO 5
- WRITE(6,119)
18 IPV=1
IPTRAJ=1
IFILE=IFILEX
WRITE(6,120) ‘ \ - - S
' GENERATE OPTIMAL TRAJECTORY AND PRIMER. VECTOR HISTORY. .
DO 30 I1=1,3 . . ‘ ‘ : : .
PVO{I)=UVI(])
PVO(I+3)=DUVI(])
PYM(T)=UVM{T)
PYM{1+3)=DUVMP(1)
30 VSVI(I)=X(1) : : .
CALL FOURBY(TSTARTX(4)sRSVO,VSVIRSEOQ,VSEOD,
1RSMO s VSMO, PVOsRSVM, VSVMM,RSEM ,VSEM ,RSMM, VSMM4SMT11,SM112,
25MI21,5M122) : .
CALL FOURBY{X{4),TENDyRSVMyVSVMP sRSEM,VSEM,REMM;VSMM,
 1PVM,RSVF,VSVF,RSEF sVSEF yRSMF,VSMF,SFM11,5FM12,5FM21,S5FM22}
100 FORMAT(4D20.11) S .
101 FORMAT{&15) : -
102 FORMAT{1HO,40X,'4~B0DY 3-1MPULSE BOUNDARY VALUE PROBLEM'/
11HOy T8+ 'GL1"yT284 ' AUMY y T48, 'UTIME*,T68, *UVELM',T88, 'ERRMXM!,
27108y 'ERRMAX'/1H ,1P6D20.11/1H »T8,'MS*,T28,'ME!,T4B,'MM*/1H
_ 31P3D20.11) : o L :
103 FORMAT(1H T8, TSTART',T28,tTM",T48,'TEND'/1H ,1P3D20.11/1H -
178, YRSVO! , T68,IVSVO'/1H ,1P6D20.11/1H T84 *RSEQ',T68,4 'VSEG!/
21H s1P6D20.11/1H T8, *RSMO?,T68,'VSMO'/1H ;1P6D20,.11)
104 FORMAT({IHO,TBy'VSVI¢,T68,*VSVYMP!'/IH ,1P6020,11/1H 4T85 'RSVTART,
1768, "VSVTARY/1H 41P6D20.,11) ' , ' o
105 FORMAT(1HO,T8,'KNR',T28, 'ERRMIN? 4 T48,'FMINM! ,T68,EPS?,T8E,
1*EPSV'/1H »1P5D20.11). ' _
106 FORMAT({1HO,T8, ¢ ICOMV®,T28, ' ITLMAX?Y,T48,'ILINC'+T68,'ITDMAX*,T88,
1%IFILEXY/1H ,110,4120) _ - R _
107 FORMAT(1HO,T8,'V*/1H ,1P6D20.11/1H ,1P6D20.11/1H ,1P4D20.11)
108 FORMAT(1H +TBy'FV,T28,'G*,T108,'GMAG'/1H ,1P6D20.11) '
109 FORMAT(1H1,785*ITERDY/1H ,110) o _
110 FORMAT(1HO,T8,'S',yT88,'SG'/1H ,1P5D20.11) S
111 FORMAT(1HO,T84'SIGNS OF S AND SG REVERSED'/1H +78,'5',788,'56"/
"11H +1P5D20.11) ‘ C T
112 FORMAT(1HO,T8y'DX'»TB8,TALPHA'/1H »1P5D20.11/1H T84 'XS*/1H
" 11H 41P4D20.11). - _ o - .
113 FORMAT{1H +T8,'FS?,T28,7GS?,T108,'GSMAG'/1H ,1P6D20.11)
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‘

114 FORMAT(1H ,T8,'DG',T8BB,'P?,T108,'SGS*/1H ,1P6020.11/1H ,T8,
1YR*, T8, "RMAG'/1H ,1P5020,11) -
115 FORMAT(1HO,T8,'CUBIC INTERPOLATION BETWEEN X AND XS*/1HO,T8,
19DXCY,TH8, VALPHAC! /1H y1P5D20.11/1H T8, 'XC*/1H 41P4D20.11}
L 6 FORMAT(LH oTBy*FCY'yT28,9GC?,T108,'GCMAG' /1H 41P6D20.11)
117 FORMATUIH +T8.°DGC?+T88, 'PCY/1H 41P5D20.11/1H ,T8,'RC!,T88,
1 YRCMAG*/1H ,1P5D20.11) . |
118 FORMAT(IHO,T8, tOUTPUT OF THIS ITERATION'/1HO,T8,'X¢,T88,'F,
17108, 'GMAG' /1H +1P6D20.11/1H ,T8,'GY/1H ,1P4D20.11/1H »T8y
 2YRSVMD!' ,T6Bs 'VSVMPD' /1H ,1P6D20.11) o -
119 FORMAT(1HO,T8,'NO, OF DAVIDON ITERATIONS HAS REACHED MAX TMUM®)
120 FORMAT(1H]) - - . _ :
121 FORMAT(L1HO,T8,¢SGS*/1IH +1P1D20,.11)

122 FORMAT{1HO,T8,'RESTARY WITH IDENTITY VvV MATRIX -SCALED_ BY EPSV!)

RETURN -
“END
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Dty o

PROGRAM PTP313 - , - e -
PROGRAM COMPUTES FUEL OPTIMAL 3-IMPULSE TRANSFER FROM A GIVEN
INITTAL POSITION TO A GIVEN FINAL POSITION AND VELOCITY IN

. FIXED TIME.

IMPLICIT REAL*B(A-HyK-M,0-2) : . .

DIMENS ION X!#),G(4)on4.4)oXSlh),GSI#),RI#);DX(#).REVO(3);
IVEVO(B)'REHO(SD,VEMO(3}’VEVOP{31'TEﬂpllﬁqﬁl'SFM115(3,3).
ZSFM125(3,3).SFM215(3,3).SFMZZS(3,3),SMIIIS(313IqSMIlZS(3r3)v
35"1215(3,3),SM1225(3v3l,REVM(B),VEVMPIB),REVMS(B).VEVMPS!B}g
QDUVIS(B},DUVMMSI3),DUVMPS(B)vDG(4!,VS(4'41,DXC(41,XC(4)¢ c
5REVMC¢3)'VEVMPC(3),UVIC(B)vUVMClB),UVFC(B).DUVIC(3),DUVMMC(3)¢
?SFMIIC{3;3),5FH12£(3,3),SFHZIC(3,3),SFHZZC(B,B!,REVMD(B!e
8VEVHPD(3)'UVIS(3I1UVMS(31vUVFS(BP,S(élvsFM11(3,3)gSFMlZ{B;BF;
95FM21(3v3}vSFM22{3y3)yUVl(3)'UVM(3)vUVF(3}'DUVI(3)yDUVMM(B)y
IDUVMELBJrSH111(3;31,SM112l3,3),SMIZI!3¢3);SMIZZ(3£3)fFVO{B},
2PVM(3},REVTAR(3}'VEVTAR(BleFﬁllD(3y3ivSFMlZD(3’3quGC(4lv ‘
3VC(4,4),GC(4),VEVMM(3)vREMM¢3l9VEMMI3),REVF(3),VEVFLBI,REMF(B},
4VEMF{3),VEVMMS{3),VEVMMCI(3] ‘

CDMHUN/CDNSTBIME,MM{GAMMA,UDMyUTIME,UVELMyERRMAX;DTR

COMMON/FLAG/IMTXe IPV, IPTRAJ, IPVTMy IFILE,ITER,ITAR

READ{5+100)GAMMA,UDM,UTIME,UVELM . : ’

READ{(5, 100)ME,MM '

READ(5,100)TSTART 4 TM, TEND

READ{5, 100)REMO,VEMD

READ({5,100)REVO,VEVD — =

6DUVMPC(3J¢RC(4)ySMIIlC(B,B),SM112C1313}9SM121C(3i3l;SMIZZC(313)y' :

~READ(5, 100} VEVOP,VEVMP

190

200

" 1PTRAJ=0 .

READ(5,100}REVTAR,VEVTAR

READ(5, 100)KNRy ERRMIN s ERRMXM
READ{5,100)FMINM,EPS,EPSY - '
READ{(5,101)1COMV, ITUMAX, ILINC, ITOMAX IFILEX
IF(ICOMV,GT,0}G0 TO 19G¢ L
OPTION TO INPUT VARIANCE MATRIX(ICOMV=0D}
READIS5100) {{V{1,0)4d=1y4)s1=144)

GO TO 1 _ _ | :

DD 200 I=1,4 S :

DD 200 J=1l.4%

ViieJ)=0. -

IF(1.EQaJIVII,J)=1a0

CONTINUE ' o
DTR=1.7453292519943296D-2

ERRMA X=ERRMXM/UDM |

FMIN=FMINM*UVELM
- KNRSAV=KNR _

ALPMIN=1.0D-8 | - : o
WRITE(6,102)GAMMA,UDM, UT IME ;UVELM» ERRMXMyERRMAX o ME y MM
WRITE!6,103)TSTART,TM, TEND,REVO,VEVO,REMC, VEMD
WRITE{6,104)VEVOP,VEVMP,REVTAR,VEVTAR .
WRITE(65105)KNRyERRMIN, FMINMy EPS,EPSY -
WRITE(6,106) ICOMV 5 ITLMAX, ILINC,1TDMAX, IFILEX
1PV=0 o '

IPVTM=0 '

IFILE=0

IMTX=1

ITERD=0
DO 2 I=1+3
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2

X(1)=VEVOP{I)

X(4)=TM

COMPUTE INITIAL NGMINAL TRAJECTDRY

CALL COMF3[TSTART,TM, TEND,REVO,VEVO,VEVOPREMO,VEMO, ERRMIN,
IILINCqKNRSAV'ITERD,ITLHAX,REVMD,VEVMPD REVTARVEVTAR,SFML1D,
2SFM12Dy REVM, VEVMM,VEVMP , F,UVI,UVMs UVF, SMIII;SMIIZ;SM1211SMI22'
3SFM11,5FM12,5FM21,S5FM22)

- CALL CUMG(SMIlleMIlZaSMIZ]vSMIZZoSFMlleFMlZ;VEVMP VEVMM UVI,

Bo

52

51

61

62

LUVM UVF 4 DUV I 3 DUVMM,, DUVMP 4G )

GMAG=DSORT(DOT{G+G+41)

WRITE{6410B)F,GyGMAG

DO 3 J=]1,3

REVMD(I]=REVM[I)

VEVMPDI{ 1 }=VEVMPI(]1) .

DO 3 J=1,3

SFM11ID{1sd)= SFMll(I,J)

SFM12D(1,J)=85FM12( 1,44}

IF(ICOMV.EQ.0)GO TO 40

.OPTION TO COMPUTE TRIAL VARIANCE MATRIX {1C0OMY=1})

DO 4 I=1.4

DO 4 J=1q.4

VlI,J)—V(l,J)*EPSV/GMAG

CONTINUE

WRITE(6410T7)((VIIgd)ed= 114)’1 144)

ACCELERATED GRADIENT ITERATION LGDP

ITERD=ITERD+1

HRITE(6.109)ITERD

CALL MXV{V,Gy 5.4'41

00O 50 I=l+% ’

S(I1=-S(1)

SG=D0T(S+6e&)

WRITE(6+11018,56

IF(SG.LT.0.1G0 TO 51

DO 52 I=1.+4

S{I1==5{1)

S$6=~56G

HRITE!b,llllS SG

ALP={FMIN=F) /SG

ALPHA=DMIN1(1.0D+0,ALP)

DO 61 I=l,4 o

Dxll)=ALPHA*St!)

XS{1 =X{1)+DX{ 1)

DO 62 1=1,3 ‘

VEVOP{T)=XS{1)

WRITE(64112)DX, ALPHA,XS B
CALL COMFI(TSTART s %5(41}, TEND.REVO,VEVO,VEVOPvREMO VEMO, ERRMIN,
IILINC’KNRSAV.ITERD,ITLMAXyREVMD,VEVMPD,REVTAR.VEVTAR,SFMIlD,
25FM12D4 REVMS , VEVMMS, VEVMPS,FSsUVISyUVMS,UVFS,5MI11S,5M1125,
IGMIZ21SySMI225,SFM11S,SFM1254SFM21S,5FM225)

CALL COMG(SMI115,SMI1ZS,SM1215¢SM1225¢5FM115 SFMlZS,VEVMPS,
IVEVMMS yUV1IS,UVMS UVFS, DUV IS yDUVMMS ¢ DUVMP S 4GS '
GSMAG=DSORTIDOT(GS+GS514))

WRITE(6,4113}FS5,G5,6SMAG

DO 701 l=l+4

oGl1Y=6S11)-G{1)

DO 7 121,+3

REVMD( I)=REVMSI(I)
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VEVMPD{ 1} =VEVMPS(1)
DO 7 J=1.3 .
SFM11D( 1,J)=SFML1STTLJ)
7 SFM12D(1,J)=SFM125(1,J)
CALL MXVIV4DGyRy&4y4)
.. D0 T1 I=1,4
71 R{L)=R{1)=-DX{T)

: RMAG=DSQRT(DDT{RyRy4})

P=D0T(DOGyRy &)
PMAG=DABS(P}

- SGS=DOT(S¢6S+4) .
"WRITE(6,114)DG+PySGSyR,RMAG

8 CALL VVT{R,TEMP1,4) - '
DO 81 I=144 -

DO Bl J=1l.+4 AT

81 VIIed)=Vil,J)-TEMPL{I,J}/P

82 IF(SGS.GT.0.)G0 TO 83
IF(FS.LT.F)GO TO 14
ALPHA=ALPHA/10.0 :
IF(ALPHALLT.ALPMINIGG TO 84
GO TO &
B4 DO 840 I=1l,4
"~ DO 840 J=1l,.4
V(I!J‘=0| i
IF(I1.EQ.JIVIIeJ)l=1e
-840 V(I,J)=VI1,J)*EPSY/GMAG
- WRITE(64122)
GO TO 40

83 CONTINUE ‘ .

d CUBIC INTERPOLATION BETWEEN X AND XS
7=3,%(F-FS)/ALPHA+SG+5GS .
W2=2%7~-SG*SGS '

[F{WZ.LE.O0.1GO TOD 13
W=DSORT(W2) : _
ALPHAC=ALPHA¥(1o—{ SGS+W-7)/{SGS—56+2+*W))
DO 9 I=1,4 » ‘
DXC{1)=ALPHAC%*S{1)"

9 XC{1)=xX{1)+DXC(I)
DO 901 I=143

901 VEVOP{I)=XC(1)

WRITE(64115)DXCyALPHAC, XC ' ‘
CALL CDMF3(TSTART,XC(§),TEND,REVD,VEVO,VEVOP,REMO.VEMO,ERRMIN,
IILINC,KNRSAV,ITERD,ITLMAX,REVMD,VEVMPD,REVTAR,VEVTAR,SFMl10,
2SFMIZD,REVMC,VEVMMC;VEVMPC,FC,UVIC'UVMC,UVFC,SMIIIC}SMIIZC,
35M1zlc,snlzzc.SFM11Q;SFM12C,SFM21C.SFM22CI R '
CALL COMG(SMllIC,SMI12C,SMIZlC,SMI22CgSFM11C§SFM12C,VEVMPC,
1vevmuc,uvIc,uvuc,UVFC.DUVIC.DUVMMC.Duvmpc,sc)
GCMAG=DSQRT(DOTIGC+GCs4)) -
WRITE(64116)FCyGCyGCMAG
: DO 902 I=l+% . .
902 DGC(11=GCLI)-GI])
~ po 91 I=1,3
REVMD(1)=REVMCI{ 1)
VEVMPD(1)=VEVMPC(T)
DO 91 J=1,3
‘ SFM11D{1,J)=SFML1CLT,J)
91 SFM12D(T1,0)=SFM12C{1,J}
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CALL MXVI{V,GCsRCy4¢4)
_ 00 92 I=1+4 '

92 RC{I)=RC(I)-DXC(I}
RCMAG=0SORT(DDT{RCsRC4))
PC=DOT{DGCyRC+4) .

CALL VVT!RC,TEMPlvﬁ)
Do 93 1311
DO 93 J=1+4 a

93 VIl,J)=VIi1,J)-TEMPLII,J)/PC
WRITE{&y117)1DGCyPCyRCREMAG
1F{FS.GT.FIGD TO 11
1F(FC.GT.FSIGO TO 14

10 D0 20 I=1.+4

o Xtl)=xcll)
20 GLI)=GC( 1)

-~ DO 201 1=1,3.
UVI(I}=uvicii)
UVM({T)=UVMC (I}
DUVI( ) =DUVIC( I}
DUVMM{ [ }=DUVMMC (1)
DUVMP 1) =DUVMPCI( T}
REVMD{1)=REVMC(1]}
VEVMPD (I ) =VEVMPCL )

DO 201 J=1,3
SFM11D(1,J)=SFM11CLI,J)
201 SFMI2D{1,J0)=SFM12C(1,sJ)

F=FC
GMAG=GCMAG
GO TO 16

11 IF(FC.LT.F)GO TO 10
FC GRTHN F. REPEAT [NTERPULATIUN IN REQUCED INTERVAL.
FS=FC
ALPHA=AL PHAC
DO 250 I=1,.3
XS501)=XC{1)
GSI1)=GC{L])
REVMS(1)=REVMC(I)
VEVMPS(1)=VEVMPC(1]
UVIS(T)=UVIC(T)
UVHS(I]=UVHC(1)
puUVIS (1) =0UVICG(I)
DUVMMS( 1} =DUVMMC(T)
DUVMPS (1= DUVMPC[II
DG 250 J=1,.3 . A
SFM115{1,J}= SFMllC‘IpJ}

250 SFM12S(1,J)= SFMIZC(IvJ)

SGS=DDT{S+GSe4)
WRITE(64121)56GS
GO TO 82 _

13 IF{FS GT.F)IGO TO 15

14 F=FS
GMAG=GSMAG
00 140 t=1,4
x{t)=xs5{1)

40\6(1)355‘1)
DO 141 I=1,3
UviI(IYy=UuviS{I)
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UVMLT)=UVYMS(T)
CDUVIC(I)=DUVIS(I)
DUVMM( I }=DUVMMS{ 1)
DUVMP{ 1) =DUVMPSI{T)
REVMD(1)}=REVMS(1)
VEVMPD(1)=VEVMPS(1}

DO 141 J=1.3 .

. SFMYID(T,J)=SFM11S{1,J}

141 SFM12D{1,J)=SFM125(1,4)
15 CONTINUE :
16 DO 161 I=1,3
REVM{ 1)=REVMD(I)
VEVMP(1)=VEVMPDI(1}
DO 161 J=1,3
. SFM11(1,J)=5FM11D{1I4+J)

161 SFM12(1,J)=SFM12D{1,J) :

- WRITE(6¢118B)XyFyGyGMAG,REVMD, VEVMPD
WRITE(6,10T)((VIIsJ)ed=lya)yi=lsé)
IF(GMAG.LT<EPS)IGD TO 18 .
IF{ITERD.LT.ITDMAX)GD TO 5
WRITE(64119) .

18 1PV=1 ' ‘
‘ IPTRAJ=1
IFILE=TIFILEX
WRITE(&,120) , : : C
GENERATE OPTIMAL TRAJECTORY AND PRIMER VECTOR HISTORY : i
DO 30 I=1,3 :
PVO(T)=UVI{])
PVO(1+3)}=DUVI{])
b PVM{T)=UVM(T)
 PVM{I+3)=DUVMPLI])
30 VEVOPL{IYI=XxX{1} ' S
CALL THRBDY(TSTART,x(41.REvo,vevop.REMO,VEMO.pvo,REVM,VEVMM,
1REMM, VEMM,SM111,SMI12,5M121,5SMI22)
CALL THRBDY(X(#),TEND,REVM,VEVMP,REMM,VEMM,PVM,REVF,VEVF,REMF,
IVEMF 4 SFM11,SFM12,SFM21,5FM22) :
100 FORMAT{4D20.11) S

101 FORMAT{615) ' ' o . L

102 FORMAT(1HO,40X,'3~B0DY 3—-IMPULSE BOUNDARY VALUE PROBLEM'/

11H0.Ta.'GAMMA-.Tze,-uon-.raa,'UTiME-,Tes,-UVELMt.Taa;-ERRMxM-. _

, 27108, 'ERRMAX'/1H ,1P6D2CG.11/1H ¢ T8y VMEY,T2B,*MM?/1H ,1P2D20.11)

103 FORMAT{1H ¢TBy'TSTARTY ,T2B, ' THMt,T48, *TEND'/1H ¢ 1P3D20.11/1H

s 178, *REVO?,T68,'VEVO'/1H ,1P6D20.11/1H s T8y tREMOY , T6B4 'WEMO?/

21H »1P6D20.11) . o , L \

104 FDRHAT(1Ho;78.'vevop-,Taa;-vevnpillH-.1p6020;11/1H s T84 *REVTARTY,

 1T68,'VEVTAR'/1H ,1P6D20.11) : ‘

105 FORMAT(IHO,TB.'KNR',TZB,'ERRMIN'§T48y'FMINM'inB,'EPS',TBB'

1YEPSV!/1H ,1P5020.111} : ‘ .

106 FDRMATllHO.TB,'ICOMV-.TEB,'ITLMAx',Taa,-ILINc',Tba,-ITDMAx-,Taa,

1YIFILEXY /1H ,110,4120) '

107 FORMAT(1HO,T84'V'/1H 41P6D20.11/1H +1P6D20.11/1H ,1P4D20.11)

108 FORMAT(1H JTBy ' FVyT284'GY,T108, 'GMAG'/1H »1P6D20.11F . '

109 FGRMAT(1H1,T8,*ITERD!/1H ,110}

10 FORMAT(1HO,T8¢'S?,TB8,'SG'/1H +1P5D20.11)
111 FORMAT{1HO,T8,?SIGNS OF S AND SG REVERSED'/IH ,T84!S',TB8,"SG*/
“11H ,1P5D20.11) ' :

112 FORMAT(1HOsT8y?0X?,TB8y *ALPHAT/1H 41P5D20411/1H 2y T8y VXS /1H
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11H +1P4D20.11) . . S Lo
113 FORMAT(1H ,T18,"FSt,T28,'6S"yT108,'GSMAG!/1H »1P6D20.11)
114 FORMAT(1H ,T8,'DG',T88,'P*,T108,"'SG5"'/1H +1P6D20,11/1H T8y
| 1'R*,T88, 'RMAG'/1H ,1P5D20.11) : ,

15 FORMAT(1HO,T8+'CUBIC INTERPOLATION BETWEEN X AND XS'/1HO,T8,

 11DXC?,T88, 'ALPHAC' /1H +1P5D20.11/1H +TB,*XC*/1H 2 1P4D20.11)

116 FORMAT(1H 4TBe1FC'yT284'GC?,T108, 'GCMAG® /1H ,1P6D20.11)

117 FORMAT(1H ,T8;'DGC*,T88,1PC'/1H 51P5D20.11/1H »T8,'RC',T88,

. 1'RCMAG/1H ,1P5D020,111 _ , -

. 118 FORMAT{1HO,T8,'0UTPUT OF THI1S ITERATION'/1HO+TBy ' X' 4 TBBy'F 'y .
17108, GMAG' /1H »1P6020.11/1H T8+ 'REVMD',T68, ' VEVMPD!/1H
21P6D20.11) . S

119 FORMAT{1HO,T8,'NO., OF DAVIDON ITERATIONS HAS REACHED MAXIMUM:®)

1120 FORMAT(1H1) - . _ . S

121 FORMAT{1HO,TB,'SGS'/1H 51P1020.11) _ B ' : -

122 FORMAT(1HO,T8y'RESTART WITH IDENTITY V MATRIX SCALEB-BY EPSV?)

- RETURN : . o e R
END
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SUBROUT INE FDURBY(XTO;XTF,RSVO,VSVO,RSED,VSEO,RSMO,
1VSM0,PVO.RSVD,VSVD,RSED.VSED,RSMD.VSMD,511,512152173225

IMPLICIT REAL*B(A=~HyL-M,0-2) :

DIMENS JON RSV(B);VSV(BI!RSEl3l9VSE(311RSM(3)oVSM(3)9PVO(6)1
1511(3;3],512[3'3)1521(3,3),522(3,319REV‘3),VEV(3!;RMV(3)1VMV(3l'
2REM(3];VEH{3)vDR4RSV(3}qDR4RSE[3)yDR#RSM(3)'BIGJ(6p6)fSTM(b;b)'.
3STNTM(6v6],MTXSV(byé)gMTXEV‘b,G),MTXMV(6,6)'MTXSElb,ﬁ)i
4MTXSM(6'6)'MTXEM(6g6lfDRSV(31,DVSV(3!,DRSE(3);DVSE(31

DIMENSTON RSVOI33qVSVO(El,RSEO!B);VSEOl3)|RSMO(31¢VSM9(3]

DIMENSTON RTM‘B)QDRSM(3}!DVS"(3}1DREV(3)vDVEV[B)’DRMV‘3)!'

' 1DVMV(3IyDREM{3l9DVEM(3);CRSV(3}¢CVSV(3),CRSEJB)1CVSE(3]1CRSM(3)!
2CVSM(3)1CREV(3)vCVEV(3)rCRMVl3)qCVMV(3)9CREM(3};CVEM(3);PRSV}B)
3,PVSV|3},PRSE(3)gPVSE(3)1PRSM(3),PVSM(3l1RRSV(3)9RV5V(310 '
4RRSE(3),RVSE(3),RRSM(3J1RVSM(3),STMHI&,b),TEMPl6,6)

DIMENSION VTM{3)},PVTM{3),PVDTM(3}),PVI6} .

DIMENSION RDV(31'VDV(3)oRDS(B)vVDS(3},RDE(B)gVDE{3)yRDM(3)1
.1VDMI3),RDVD(3!,VDVD(3],RDSD‘3),VDSD(3)yRDMD(3)v - ' .
2VDMD(3)1RSVD(3)vVSVD(Bl,RSED(B),VSED(3)1RSHD(3)¢VSMD(3),RSLl(3)9
3VSL1(31;RDL1(3)yVDLlI3J9RDL10(3}+VDLID(3) _

COMMUN/TDATA/TO'T,H,RSV,VSV,REV,VEVvRHV,VMV'RSEqVSEgRSM,VSM,
IREMQVEMyRSL1;VSLIvRDVD,VDVDfRDSD,VDSD,RDMD,VDMD§ 2
,ZRDLleVDLqupvgLM,LDMrANGV1ANGEgANGS _
‘CDMMDN/CDNST/MS’ME1MM;GL1|AUM,UTIME,UVELM,ERRM&XfDTR

COHMUN/FLAG/IMTX;IPV;IPTRAJ,IPVTM;IFILE,ITER'ITAR

CDMMDN/CTM/TTM,RTM,VTM,LTM,LDTM:PVTN,PVDTM,STNTM _

DO L I=1,3 : . ) ’

RSVE{T)=RSVOLI) . ' '

vsSv{I11=vsSvol(l)

RSE(I)=RSEO(1)

VSE(1)=VSEO(1)}

RSM(1)=RSMO(1)

VSM{ 1) =VSMO( 1)

To=XTO

MSME=MS+ME

MSMM=MS + MM

MEMM=ME + MM

ESE=ME/MSME

MSM=MM/MSMM

MEM=MM/ ME MM

EEM=ME /MEMM

SSE=MS/MSME
. SSM=MS/MSMM

 PSISV=0.

PSISE=0.

PSISM=0.

PSIEV=0.

PSIMV=0, :

PSIEM=0. : -

LM=0. .

LDM=Oo ) o : : : o

CALL RVEHV(RSV,VSV1RSEvV5EgRSM?VSM,REV&VEV,RMV:VMV;REM,VEM)

IF (IMTX.EQ.0) GO TO 2 . _ . .
DD 2 I=lyb
PV!I1=0.

00 2 J=146
STMII,44)=0. .
IF(L1eEQed) STM(I4J)=1.0
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2 CONTINUE

21

22

ISTEP=Q

T=XTO

TGO=XTF~T

CALL CSTEP(TGD,RSV;REV RMV.RSE,RSM REMyHgDR#RSV.DR#RSE'
lDR#RSM'BIGJ)

CALL DISP

IF(1PV.EQ.0) GO TO 21

LTM=1.

TTM=XTO

CALL PVEC(TyRSV,VSV4PVOsSTMsPV,LM,LDM)
IFLIFILELEQ.0) GO TO 22 -

CALL FDATA = '

IF{IPTRAJ.EQ.O) GO TO 3

WRITE{6,100)

IF(IPV.EQ.0) GO TO 23

WRITE(6,101)

CALL PTRAJ

ISTEP=1STEP+1

CALL TWOBDY(RSV,VSVsHyMSsPSISV,IMTXsCRSV, CVSV,MTXSV)
CALL TWOBDY({RSE,VSE HsMSME,PSISE,0+CRSE,CVSE,MTXSE)
CALL TWOBDY{RSM,VSM,H,MSMM,PSISM,0,CRSMCVSM,MTXSM)
CALL TWOBDY(REV,VEVsHsMEsPSIEV,IMTXsCREVyCVEVMTXEV)
CALL TWOBDY(RMV.,VMVH, MM, PSTIMV, IMTXyCRMV; CVMV 4 MTXMV)
CALL TWOBDY(REM,VEM,H,MEMM,PSTEM,04CREM, CVEM,MTXEM)
DO 4 1=1,3

DRSV(I)=CRSV(1}- RSV(I)—H*VSV(I)
DVSV{11=CVSVI1)=VSVIT)

DRSE(1)= CRSE(I)-RSE(I}"H*VSE(II
DVSE(])=CVSE(T)-VSE(I)
DRSM({T)=CRSM{I)=RSM{T)=H*VSM(T)
DVSM{T)=CVSM{I)=VSM(T}"
DREV{I)=CREV(TI}=-REV{I)—H*VEV(1)
DVEV(I)=CVEV(1)~VEV(I)

DRMV( I)=CRMV{ 1) =RMV (1) =H*VMV ()

DVMV{ T} =CVMVIT)~VMV(T)

 DREM{I)=CREM{1)=-REM(I1}-H*VEM(I)

DVEM{I}=CVEM(I)-VEM(1)
PRSV(I)”ESE*DRSE(l)+DREV[I)+MSM*DRSM(I)+DRMV(I)
PVSV(T1)=ESE*DVSE( I )+DVEV(I)+MSMEDVSM(T)1+DVMVIT]}
PRSE(1}=MSM*DRSM{ 1)-MEM*DREM( ).
PVSE(I)=MSM*DVSM{I)-MEMXDVEM( 1)
PRSM(T)=ESE*DRSE( 1 )+EEM*DREM( T}

PVSM(I)= ESE*DVSE(I)+EEM*DVEH(I)

~RSVIT) =CRSVIT)+PRSVI(I}

VSV(T)=CVSVIII+PVSV(I)
RSE(I}=CRSE(T)+PRSE(])
VSE(I)=CVSE(I)+PVSE(I)

" RSM(I1¥=CRSM{1}+PRSM(T)

VSM(I)= CVSM(I)+PVSM(I)

CALL RVEMVIRSY VSV, RSE,VSEyRSM,VSM,REV,VEV, RMV,VMV,REM;VEM)
=T+H

CALL DELRV(H,RSV,REV.RMV,RSE,RSM REM,CRSV4+CREVsCRMV,CRSE,LRSMy

1CREM.DR4RSV DR4RSE,DR4RSM,RRSV.RVSV'RRSE,RVSE RRSH,RVSM)

DO S5 I=1,3

RSV(I}= RSV I)+RRSV(T1)

veviT) VSV(I)+RVSV{I)
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RSE(1)=RSE(I)I+RRSE(1)
VSE(E)=VSE(f1)+RVSE(1)

~ RSM{Y)=RSMCI)+RRSM({T)

15 VSM{1)=VSM(I)+RVSMIT) o : L - ,
CALL RVEMV(Rsv,vsv,RSE,VSE.RSM,VSM.REV,VEV,RMv;VMv,REM.vEM)

T IFUIMTX.ED.Q) GO TO 70 : R ' '
DO 6 1=1,46 _ co
DO & J=1.6 . _ ) . o - :

6 STMHll.J)zMTXSV(I'JJ+MTXEV(I‘J)+MTXMV(I,J)-Z.O*BlGJ(I'Jl,
CALL MXM{STMH,STM,TEMP,64646) ' E
0O 7 =146 '
DO 7 J=1,6

7 STM{1,J)=TEMP(14J)

70 CALL DISP
IF(1PV.EQ.0) GO TO 71 - '

CALL PVEC(TyRSV,VSV,PVO,STMsPV,LM,LDM)

71 IFCIFILE.EQ.0) GO TO 72 '

. CALL FDATA

72 1F(IPTRAJ.EQ,0} GO TO-8
CALL PTRAJ '

8 IF (T.GE.XTF) GO TO 9
TGO=XTF-T A _ o _

. CALL CSTEP{TGO,RSV,REV,RMV,RSE,RSM,REM,H,DR#RSV,DR#RSE,
1DRARSM:BIGJ) ' ' :
G0 TD 3

9. DO 10 I=1,3
RSVD({1)=RSV(I)

VSVD{1)=VSvIil)
RSED{1)=RSE(I)
VSED(1)=VSE(1)
RSMD{ Y)=RSM(I)
VSMD( I)=VSM{T)

- DO 10 J=1.3
S1101,J)=STM(T,J)

S$12(T+J)=STM({I,J+3)
S21t1,0)=5TM(1+3,J)

10 S22(1,J)=STM{143,J+3)
1F{1PV.EQ.0) GO TO 11
IF({IPVTM,ED.0) GO TO 11 |
WRITE(64102)TTM,LTMLDTMyRTM,VTM

11. 1F{1PTRAJ.EQ.0) GO T0O 12
"WRITE(6,103)1ISTEP '

12 CONTINUE e . | | 7

-100‘EURMAT(IHI,#OX.'FUUR—BDDY TRAJECTORY ' /1HO,T8,'T1,T28,'TDAY!y
1T43,'H',TbB,'RSVMAG‘}TBB,'REVMAG',TlOB,'RMVMAG'/lH’,T81'RSV},

S T68,'VSVI/LH 4 T8, 'REV!,T68,VEV!/IH W TBy VRMV Y, TEB, 'VMV*/1HO, T8,
3IRSE! y T68y VWSEV/1H 5 T8, *RSM!,T68, ' VSMI/1H 2 T8, 1REM! , T6E8 4 Y VEMT/
41H ,TB.'RSLI',TbB,'VSLl'IlHO,TS,'RDVD',TbS,‘VDVD'/lH +TBL'RDSD "y

5768, 'VDSD'/1H »T8, 'RDMD',T68, 'VDMD!/ - B

61H vTB,'RDLlD'.TbB;'VDLID‘IIHO,TB,'ANGV',TZB,'ANGE',T#B.'ANGS',
61HO, T8, "ROL1D? s T68,°VDL1ID? /1H s T8, *ANGY ", T28, "ANGE !, T48 4 *ANGS '
TT68, 'HDAY") : _

101 FORMAT(1H ,TB,*PV';T68,'PVD!/1H 2 T8y 'PVMAG' 4 728, ' PVDMAG')

102 FORMAT(LHO,'TIME OF MAXTMUM PRIMER VECTOR MAGNITUDE'/1HO,T8,
1VTTMY , T28, ' LTM! ,T4B, ' LDTM? /1H 4 1P3D20.11/1H T8, "RTM!,T68, ' VTM?
2/1H 41P6D20.11) _ - :

103 FORMAT(1HO,T8,*ISTEP FOR THIS LEG = 1,15)
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RETURN'
END
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SUBROUT INE THRBDYIXTO,XTF,REVO,VEVO,REMO}VEMO,PVO,REVD,VEVD;
lREMD,VEMDySIlg512v52195221 V

IMPLICIT REAL*B{A=HsL-M,0-7) ' : '
DIMENSIUN'REVO(3),VEVO(3}.REMO(3),VEHO(3),PVO[6),REVD(B),VEVD(3J
lvREHDI3);VEMD(3)1511(3!31!512(3;3]v521(3!3)ySZZ(313)vREV‘3|v .
2VEV13I.REM{3}.VEM(3}.RMV(B).VMV(B);PV(b),STMtbybl,DR#REV(Blo
BB!Gdlb,b};CREV(BJ,CVEV!3),MTXEV(6v6l,CREM(3).CVEM(31§MTXEM!6'6iv
4CRMV(3).CVMV[3),MTXMVIbib);DRMV[Bl,DVHV(3I¢ -
SPREV(BI’PVEV!3}'RREVL3),RVEV(B!,5TMH(6,6)5TEMP(6,6),REL(B),
bVEL(3),RDVD(3J,VDVDl3),RDED(3)qVDEDLB},RDLD{S),VDLD(B}
DIMENSION'RTM!B),VTM(3),PVTM(B);PVDTM&3)¢STNTM16.6)%
COMMON/TDATABITO'T.H;REVvVEV'RMV.VMV.REM'VEﬂyREL,VEL,RDVD,'
IVDVD,RDED,VDED'RDLDyVDLD,PV.LM;LDM;ANGV,ANGE,ANGM :
CDMMDNICONSTBlMEyMM,GAMHA}UDM,UTIMEvUVELM,ERRMAX,DTR"
CDMMON/FLAG/IMTX,]PV,!PTRAJ;!PVTM,IF!LE,ITER,ITAR
COMMUN/CTM/TTM,RTM,VTMqLTM,LDTM,PVTM,PVDTM,STNTM

DO 1 I=1+3 . ' -

REV{I)=REVO(1) ‘

VEV(1)=VEVO(I)

REM(I}=REMO(T])

VEM({1)=VEMOLT)

RMV(T)=-REM(I1}+REV(]D)

VMV(]J=*VEM(I)+VEV(1)

“TO=XTO

MEMM=ME +MM

MEM=MM/MEMM

;PSIEV::O. :

PS1EM=0.

PSIMV=0.

LM=0.

LDM=0. | _

IF{IMTX.EQ.0)GO T0 2

Do 2 I=l:é o

PV(1)=0.

DO 2 J=1.6

STM{1,J)=0. _ :

IF!I.EO.J)STM(I:J)=1.G

CONTINUE :

ISTEP=0 .«

T=XTO o

TGO=XTF=-T

CALL CSTEPB(TGDoREV,RMV,REM;H,DR#REV,BIGJ)

CALL DISP3

 IF(1PV.EQ.0) GO TO 21

21

22

LTM=1.0

TTM=XTO ' o &
CALL PVEC(TgREV,VEV,PVO,STM;PV,LM&LDH)
1F(IFILE.EQ.0) GO TO 22 :
CALL FDATA3 o .
{F{IPTRAJ.EQ.O) GO TO 3

WRITE(64100) ' .

1F{1PV.EQ,0) GO TO 23

WRITE(6,4101) o

CALL PTRAJ3

3 [STEP=I1STEP+1

CALL T OBDY (REVSVEV s HaMEsPSTEV y IMTX,CREV, CVEVMTXEV).
CALL TWOBDY (REMsVEM, Hy MEMM, PSTEM, 0, CREMsCVEM MTXEM)
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CALL TwoaovtRMv,va,H,hM,PSIMV,IMTx;CRMv,cvMV.MTxMV)1.
DO 4 1=1,3 . ’ ' o .
DRMV(I!=CRMV(I)*RHV(I)-H*VMV(T)‘

DVMV(1)=CVMVIT)}-VMV(I)
PREV{1)=DRMV{T)
. PVEVI1)=DVMV(I]} '
REVII1)=CREV{1)+PREV{I) .
VEV(1)=CVEV{I)+PVEV(])
REM{ 1)=CREM( ) -
VEM(1)=CVEM(T)
- RMV{1}=—REM{T1)}+REV(I)
4 VYMV{1)==VEM({T)+VEV(I) |
T=T+H , _ : ) ' S _
CALL DELRVB(H,REV,RMV&CREV,CRMV,DR#REV,RREV'RVEVl
DO 5 1=1,3 - o
REV(I)=REV(I}+RREV{])
VEV(1)=VEV(T)+RVEV(I1)
RMV{1)=-REM{ I}+REV(])
5 VMV(1)=—VEM{T1)+VEV(I) =~
IF{IMTX.EQ.0) GO TO 70
DO 6 1=146 .
DO & J=1,.46 ' o -
6 STMH{1.J)zMTxEV(I,J)+MTxMVtI,Jl-z.o*BIGJ(I,J).
CALL MXM{STMH,STMyTEMP646,6)
N0 T 1=1,6 S
po 7 J=1|6
7 STM{1,J)=TEMP(I,J)
70 CALL D1SP3
1F{1PV.EQ.0) GO TO 71
CALL PVEC{ToREV,VEV,PVOsSTMyPVyLMsLDM)
71 1F{IFILE.EQ.D) GO TO 72
: CALL FDATA3 ,
72 [F{1PTRAJ.EQ.0) GO TO 8
CALL PTRAJ3 ' :
'8 IF(T.GE.XTF) GO TO 9
© IGO=XTE=-T S \
caLL CSTEPB{TGO,REV.RMV,REM.H;DR4REV,BIGJ1

GO TO 3
9 DO 10 I=1,3
. REVD(I)=REV(I)
VEVD(1)=VEVI{I)
REMD( 1) =REM(T)
VEMD(I)=VEM(1)
‘DO 10 J=1+3" -
S11(1,JY=STMII1,J)
$S12{1,J)1=STM{1,J0+3)
8§21 1,J1=STM(T+3,J)
10 522(19J)=STM(14+34J43)
IF(IPV.EQ.0) GO TO 11
1F{IPVTM.E0.0) GO TO 11
WRITE(6,102)TTM,LTM,LDTM,RTM,VTM
11 IF(1PTRAJ.EQ.0) GO TO 12
WRITE(65103) ISTEP
12 CONTINUE . , _ N
100 FORMAT(1H1,40X,* TYHREE—BODY TRAJECTORY* /1HO, T8, ' T4, T2B, ' TDAY',
1748 HY ,T68, "REVMAG! , TB8, 'RMVYMAG ! /1H s T84 VREV',T68,'VEV'/
21H T8y 'RMV?,T68,'VMV!/1H , T8y "REM* , T6B, 'VEM' /1H T8, RELL',
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3T689'VELl!/lHO,TB{'RDVD',T68,FVDVD'11H s T8, 'RDED',T68,*VDED'/
-~ 41H +TB,"ROLD*yT68,'VOLD'/1H ,Ts,'ANGv',Tza.'ANGEl,Tas,'ANGM'1'
1n)] FORMAT(1HO,TBs'PV',T68,'PVD'/1H ,Ta.'PVMAGl,Tza,-PVDMAG')

2 FORMAT(1HO,T8,'TIME OF MAXIMUM PRIMER VECTOR MAGNITUDE'/1HO,
- ITB,'TTM',TZB,'LTM'}T#B,'LDTM'/IH »1P3D20.11/1H yTBy "RTMY, T68,
 2'WTM'/1H ,1P6020.11) - : : _
103 FORMAT({1HO,T8,*ISTEP FOR THIS LEG V 1,15)

RETURN o , o
END
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SUBROUT INE TWOBDY( XR0OyXVOy TAUsMUSPST s IMTX s XRF 4 XVF 4P}

GENERAL SOLUTION OF TWD BODY PROBLEM WITH PARTIAL DERIVATIVES
RTRAN DOUBLE PRECISION SUBROUTINE ‘ 3
DOUBLE PRECISION SO(6)sTAUSMULPSToSt6)3PL646),P1{656)4ACCI3),
1ACCO(3),RyRO,STGO,ALPHAPSIN,PSIPsAsAP,CO,C1+C2, ' :
203,C4,C5X3+51152¢53,0TAUsDTAUN,DTAUP,U,FM1,4G,FD,GOML .
DOUBLE PRECISION XRO(3),XVO(3)XRF(3),XVF(3) '

CINPUTS ” o ' : ' ' _
‘SO(I!vSOlZ),SO(B)éXO,Y0,20=PGSlTION COMPONENTS AT REFERENCE TIME TO
SO(4)yS0(5),50(6)=XD0,YD0,2D0O=VELOCITY COMPONENTS AT REFERENCE TIME TO
TAU=TIME INTERVAL (T—-TO) FROM REFERENCE TIME TO TO SOLUTION TIME T '
MU=CONSTANT IN DIFF. EOS. (XDDyYDDyZDD)==MU%(X,Y42)/(R*%*3)
PSI=APPROXIMATION FOR FINAL SOLUTION PSI OF KEPLER'S. EQUATION

: ~ . DUTPUTS ' - o
PSI=GENERALIZED ECCENTRIC ANOMALY=SOLUTION OF KEPLER'S EQUATION
SULYsS(2)+5(3)=X,Y,Z=POSITION COMPONENTS AT SOLUTION TIME T=TO+TAU _
S{4)35(5)45(6)=XDsY¥DsZD=VELOCITY COMPONENTS AT SOLUTION TIME T=T0+TAU
P{1,J)=PARTIAL DERIVATIVE DS(1)/DS0{J) OF S(1) WITH RESPECT TO SO(J)
PI(1,J)=PARTIAL DSO(1)/DS(J) WITH ROLES OF TO AND T REVERSED o
ACC(1)=-MU%S (1) /({R**3)=ACCELERATION COMPONENT AT SOLUTION TIME T
ACCO(T)==MU%SO(1)/(RO**3}=ACCELERATION COMPONENT AT REF TIME TO
R=RADIUS AT TIME T=SOUARE ROOT OF (X¥¥2+4YX%247%%2) '

RO=RADIUS AT TIME TO : '

START OF INITIAL COMPUTATIONS
DO 9 1=1,3 :
SO(1)=XRO(1)
_ 9 SO(I+3)=XxVe(I)
COMPUTE RADIUS RO - : _
$1=DMAX1 (DABS(SO(1)) +DABS(S0(2)),DABSISO(3}))
S2=(S0(1)/51)1%%2+(S0(2)/S1)*%2+(S0(3)/S1)**2
RO'—'Z- ) : : '
10 R=RO _ o
RO=(R+S2/R)*,5 .
IF{RO.LT.R) GO TO 10
RO=RO*S1 . -
" COMPUTE OTHER PARAMETERS
$160=S0(1)%S0(4)+S0(21%S0(5)+50(3)*50(6)
 ALPHA=SO(4)%%2+4S0(5)**2+50(6)¥%2-2,%MU/RO
INITIALIZE SERIES MOD COUNT M TO ZERO '
‘ M=0 .. - - } -
INITIALIZE BOUNDS PSIN AND PSIP FOR PSI.OR SET PS1I=0 1F Tau=0
IF(TAU) 20+30,40 - '
20 PSIN=-1.D+38
PSIP=0.
DTAUN=PSIN
DTAUP=-TAU
60 TD 50
30 PSI=0.
GO TO 100
40 PSIN=0.
PSIP=+1.0+38
" DTAUN=-TAU
DTAUP=PSIP ‘ ' - -
USE APPROXIMATION FOR PSI IF 1T IS BETWEEN BOUNDS PSIN AND PSIP
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50 IF(PSI 6T«PSIN. AND PSl LT.PSIP) GO TO 100
TRY NEWTON'S METHOD FDR INITIAL PS1 SET EQUAL TO ZERO
. PSI=TAU/RO ' '
ET PSI=TAU IF NEWTON'S METHOD FAILS
IF{PST.LE.PSINJOR.PSI.GE.PSIP) PSI=TAU
END OF INITIAL COMPUTAT IONS

 BEGlNNlNG DF LO0P FOR SOLV!NG KEPLER'S EQUATION |
BEGINNING OF SERIES SUMMATION

COMPUTE ARGUMENT A IN REDUCED SERIES 'OBTAINED BY FACTORING OUT PSI®S

100 A=ALPHA*PS1%*PS]

1F{DABS(A)<LEs1s) GO TO 120 |
SAVE A IN AP AND MOD A IF IT EXCEEDS UNITY IN MAGNITUDE
AP=A ; |

_ 110 M=M+1

A=AXx 25

IF{DABS(A)+GTels) GO T0 110
SUM SERIES C5X3=3%S5/PSI**5 AND Cé= Sé!PSI**# o ‘ R
120 C5X3={1.+{1o+(lat(le+(lo+(lo+{1, +A/B42. )% AL2T2, )*A/ZIO.i*A/156 )

1 *A/llO.J*A/TZ.)*A/42.1140. 5
Ca=(l.4(terllo+{l. +{1et(1.+(1a+A/306,1%A/240. )*AIIBZ }*A/132 )
1 *A/QO.J*A/56.)*A/30.)/24-

‘COMPUTE SERIES €3=S3/PSI**3,(2= SZ/PSI**ZyCl SIIPSI ,CO= SO

C3={.5+A%C5X3) /3.

C2=.5+A%C4

Cl=l.+A%C3

CO0=]1.+A%C2

1TF{M.LE.D0) GO TO 140
EMOD SERIES CO AND C1 IF NECESSARY WITH 'DOUBLE ANGLE FURMULAS
30 C1=C1*%CO0

CO=2.%¥C0*CO~ 1.

M=M-1

IF(M.GT<0) GO TO 130 : _ o
DETERMINE C24C3,C4,C5X3 FROM CO0,C1,AP IF DEMOD REQUIRED

C2=(CO~1.) /AP ' '

C3=(Cl-1.)7AP

Ca={C2~.5)/AP

CS5X3=(3.%(C3-.5)/AP
COMPUTE SERIES S1+52+ 53 FROM c1,cz.ca

140 S1=C1%PSI

§2=C2%PS1#PS]
'§3=C3%PSI*PSI*PS]
END OF SERIES SUMMATION R
COMPUTE RESIDUAL DTAU AND SLOPE R FOR KEPLER®S EQUATION
G=RO*S1+SIGO*S2 .
DTAU= (G+MU%S3)-TAU
R=DABS (ROXCO+{ SIGO*S1+MU*52))
IF (DTAY) 200,300,210
RESET BOUND

200 PSIN=PSI

DTAUN=DTAU
60 10 220
210 PSIP=PSI
' DTAUP=DTAU

JTRY NEWTON®S METHOD AND INITIALIZE SELECTDR N

220 PSI= PS1~DTAU/R
N=0
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' Rala)

ez Rals

ACCEPT PSI 1F 1T IS BETNEE'N. BOUNDS PSIN AND PSIP
230 IF(PS1.GT.PSINJAND.PSILLT.PSIP) GO TO 100

SELECT ALTERNATE METHOD OF COMPUTING PSI OR STOP ITERATIONS

N=N+1 _

GO TO {1,243+444300)sN

'TRY INCREMENTING BOUND WITH DTAU NEAREST ZERD BY THE RATID 4*DTAU/TAU

1 1F(DABS{DTAUN).LT.DABS({DTAUP)) PSI=PSIN*(1,-(4.*DTAUN}/TAU)
1F{DABS(DTAUP).LT.DABS{DTAUN)} PSI=PSIP*(1.-(4.%DTAUP)/TAU)
G0 TU 230 | . - | R ‘
TRY DOUBL ING BOUND CLOSEST TO ZERO
2 IF{TAU.GT.0,) PSI=PSIN+PSIN
IF(TAULLT.0.) PSI=PSIP+PSIP
GD TG 230
TRY INTERPOLATION BETWEEN BOUNDS
3 PST=PSIN+(PSIP-PSIN)*{-DTAUN/(DTAUP-DTAUN))
60 TO 230
TRY HALVING BETWEEN BOUNDS
4 PSI=PSIN+{PSIP-PSIN)*.5
60 T0 230 o |
END OF LOOP FOR SOLVING KEPLER'S EQUATION

COMPUTE REMAINING THREE OF FOUR FUNCTIONS FM14G¢oFDyGDM1
300 FM1=-MU%*S2/R0O ' '
FD==MU*51/R0O/R
. GDMl=-MU%SZ/R o ' u
COMPUTE COORDINATES AT SOLUTION TIME T=TO+TAU
DO 310 I=1,3 ' '
SLI1=SO( T+ (FM1%S0(1)+6*50{1+3))
S{1+3)={FD*SO(1)+GDM1*S0(1+3))+50(1+3)
I OXRFUIN=S{T) '
10 XVF(I)=S(I+3) :
IF (IMTX.EQ., 0) GO TO 500
COMPUTE ACCELERATIONS
DO 320 I=1,3 '
ACC(T1)==MU*S(I)/R/R/R
320 ACCO(1)=-MU*50(1)/RO/RO/RO . : 3
END OF COMPUTATION FOR COORDINATES AND ACCELERATIONS

COMPUTATION OF PARTIAL DERIVATIVES
COMPUTE COEFFICIENTS FOR STATE PARTIALS |
Y= S2RTAU+MU* (C4—C5X3) *PST*PSI*PSI*PSI*PSI -

P(1s1)=—(FD*S1+FM1/R0) /RO
PU1,2)=~FD*S2
P{2,1)=FM1*S1/RO
PL2y2)=FM1%52
P{1,3)=P{1,2)
P(1,4)==GDM1*S2
P(2,3)=P(2,2)
P(294)=6G*52 |
P(3,1)=—FD*{CO/RO/R+1./R/R+1+/RO/RO)
Pl3,2)=—{ FD*S1+GDOM1/R)} /R '
Plhel)==Pilyl) C - e
Pl4y2)==P(142)
P(3,3)=P(3,2)
P(3,4)==GDM1*S1/R
Pléy3)==P(1,2)
Pllhst)==P(1y4)
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¢ COMPUTE COEEFICIENTS FOR MU PARTIALS

C MATR

400

P(1,5)==51/RO/R

PL2,5)=52/R0

P(3,5)=2U/R0O~S3

Plly6)==P(1y5)

P(2,6)=S2/R

PL3y6)==U/R+S53

DO 400 lI=1,3 - -

IX ACCUMULATIONS FOR STATE PARTIALS
DD 400 J=144 o
PIlJ,1)=PlJy1)1%SO(TI+P(J,2)%50(1+3)
PI(Jy]+3)=P(Jg31%S0(1I+P(J,4)%S0(1+3)

. DO 410 I=1,.,3

420

410
C END

C END
500

D0 420 J=1,3

P(I;J)=S(I)*PI(IyJ)+S{I+3)*PI(2,J1+U*S(I+3)*ACCO(J) :
P(ng+3)=S(II*PI(1¢J+3)+S(I+31*PI(2.J+3)—U*S(I+3)*SO¢J+3)
P(I+3,Jl=5(I)*PI(B{J)+S!I+3)#P1(4.J)¥U*AcctI)*ACCO(J)
P(I+3,J+3l=$(I)*P!t31J+3)+SI!+3)*PI(4yJ+3)-U*ACC(I)*SD(J+3)
P(l,]}=P(I'I]+FM1+10 o
P(I,143)1=P(1,1+43)+6

P(1+3,1)=P1143,1)+FD

PLI+3,143)=P(1+3,1+43)+GDM1+1.

OF COMPUTATION FOR PARTIAL DERIVATIVES

OF PROGRAM — ALL OUTPUTS HAVE BEEN COMPUTED
CONTINUE -

RETURN

END
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SUBROUTINE CSTEP(TGG,RSV,REV,RMV,QSE;RSM,REM,H,

1DR4RSV ,DR4RSE yDR4RSM,BIGJ)
IMPLICIT REAL*B(A~H,My0-7)
DIMENSION RSV(3),VSVI3),REVI

1VSE(3),RSM(3)4VSM(3)4REM(3),

3) ,VEV(3) ,RMV(3) ,VMV(3) 4RSE(3),
VEM{3) ,DR&RSV(3) 4DR4RSE(3)y

20R4RSM(3)¢URSV(3]gUREV(Bl’URMVIB)'URSEI3),URSM(3),UREM{B)v
3UMTXi3’3)'SVSV(3y3!,EVEV(BrBI,VMVM€343)'SESE|3,3)'SHSM|3,3)y

SEMEM(3,3),BIGJI1646)

TEMPI(B)'TEMPZCBJqTEMP3!3)1TEMP4(3)r'

SIEMPSt3).TEMPb(BleEMP?I31gTEMP8{3)vTEMP9(3)
DIMENS ION nsvnsvnza.REVREVtal.RMVRMVtay,R§ERSE(3),RSMRSM(al.
1REMREM(3).DEVSE(3},stse{gl,onvsnla+,osvsnt3).DMVEM;3).

SDEMSM(3) ,DEVEM(3) yDEMSE(3),D
COMMON/CONST/MSyME ¢ MM,GL 14 AU
RSV3=

VMAG(RSV)**3

REV3=VMAG(REV)**3

RMV3=
RSE3=
RSM3=

VMAG{RMV ) **3
VMAG(RSE}**3
VMAG(RSM)*x*%3

REM3=YMAG(REM)**3

CALL
CALL
CALL
CALL

CALL
CALL
DO 1

RSVRSV( I1)=RSV(I)/RSV3
REVREV{I)=REV{I}/REV3
RMVRMV ([ 1)=RMV(I)/RMV3
RSERSE(I)1=RSE(I1)/RSE3
RSMRSM{I1=RSM{1}/RSM3
REMREM{1)=REM(1)/REM3
DEVSE(T}=REVREV(I)+RSERSE(]
DSVSE(1)=RSVRSV(I)-RSERSE(]
DMVSM(1)=RMVRMV{T)+RSMRSM(]
DSVSM{ I)=RSVRSVII}-RSMRSML]
: DMVEM(I)=RMVRMV(I}+REMREM(I
DEMSM( 1) =REMREM( I)—RSMRSM{1]
DEVEM(1)=REVREV(1}~REMREM(]
DEMSE!I)=REMREM{I]+RSERSE[I
. DSMSE(I)=RSMRSM(I1)-RSE

no 1

UNITV{RSV,URSV)

UNTTV{REV,UREV) -

UNTITV{RMV,URMV).

"UNITVIRSE;URSE)

UNITV{RSM4URSM)
UNTTVIREM,UREM)
13113

J=1,3

UMTX(14J)=0.0

1F(l.

EQ.J) UMTX(144)=1.0

CONTINUE

CALL
CALL
CALL
CALL
CALL
caLL
Do 2
Do 2

SVSVIl,J)=
EVEV(1,J)={UMTX{T,J)-
VMYM(T,d)=(UMTXUT 0=

VVT(URSVySVSY43)
VYV T{UREVsEVEV,43)

VVT (URMV , VMVM,3)

VVT(URSE,SESE[3}
VVT(URSM,SMSM,31
VVT(UREM,EMEM,3)
1=193
J=1.3

SMSE(3) ..
M, UTTME ,UVELM,ERRMAX,DTR

(UMTX(]pJ)-S.O*SVSV(Ile)/RSVB
3.0%EVEV{I,J}}/REV3
3.0%VMVM(144))/RMV3

'SESE(IyJ}=(UMTX(IyJ)*B.G*SESE(IvJJ)/RSEB



SMSM{1,J)=(UMTX{14J)~3,0%SMSMI1,J))}/RSM3
T EMEM{1,J)=(UMTX{1,J)=3.0%EMEM(T,J))/REM3

CONTINUE

CALL MXV{SVSV,DEVSE,TEMP1,3,3)

CALL MXVIEVEV,DSVSE,TEMP2,3,3)

CALL MXV(SVSV,DMVSMyTEMP3,43,3)

CALL MXV{VMVM,DSVSM,TEMP4,3,3)

CALL MXV(EVEV,DMVEM,TEMP543,3)
CCALL MXV(SESE,DEMSM,TEMPE,3,43)

CALL MXV{VMVM,DEVEM, TEMP7,3,3}

CALL MXV(SMSM,DEMSE,TEMP8,3,3)

CALL MXV{EMEMsDSMSE,TEMPS93,+3) .

DO 3 1=1,3 _ ' . ‘
DR4RSV(I)=MS*ME*(TEMP1[1)+TEMP2(1)1+MS*MM*(TEMP3(IT+TEMP4(I)}
1+ MESMM# (TEMPS (1) —TEMP& ( T} +TEMPT (1) +TEMPBII))
DR#RSE(l)=—IMS+ME)*MM*TEMP6(I)—MM*MS*TEMPQ(I)+MM*ME*TEMPB$I)
DRARSM{T)={MS+MM) =MEXTEMPB (1) +MEXMSETEMPY { 1} -MEXMMETEMPE (1]
CONTINUE - o . R ' _
CPERR=VMAG(DR4RSV) /24.0
H=DSORT(DSQORT{ERRMAX/CPERR] )
1E(TGO,LT.H) H=TGOD

DO & I=146

DD 4 J=1 y_b

BIGJ(I,J}=0.0

1FLT.EQ.J) BIGJ(1,0)=1.0
IF((J-11.EQ.3) BIGJI1,J)=H
CONT INUE '
RETURN

END
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SUBROUTINE CSTEP3(TGD,REV ¢RMV,REM,H,DR4REV,BIGJ}
IMPLICIT REAL*B(A-=H,M,0-2)" ' : '
DIMENSION REV(B},RMVIB),REM(B),DR#REV(3),BIGJL6;61,UREV(3I,
;IURMV(B),RMVRMV(BE.REMREM(B).REVREV(BIfDMVEM(B),DEVEM(B}v
ZUMTX{3,3),EVEV(3,3},MVMV(3p3),TEMP1(3),TEMPZ(B} '
COMMDNICONSTB/ME,MM'GAMMA,UDM,UTIME,UVELM,ERRMAX,DTR
REV3I=VMAG{REV)**3 : ‘
RMV3=VMAG(RMV )*x*3
REM3=VMAGIREM)*%3
CALL UNITVI(REV,UREV}
CALL UNITV({RMV ,URMV)
DO 1 13113
RMVRMY ([ )y=RMV(T)/RMV3
REMREM( 1)=REM(1)/REM3
REVREV{I)}=REV{])/REV3
DMVEM{ I )=RMVRMV({I)+REMREM{T)
DEVEM( I} =REVREV({I)}~REMREMI(1I)
DO 1 J=1,3
UMTX(I,J)-‘-O-
IF{1.EQaJ) UMTX(T,J)=1.0
1 CONTINUE -
CALL VVT(UREV,.EVEV,3}
"GCALL VVTIURMY ,MVMY ,3)
00 2 1=1,3 °
D0 2 J=1,3
EVEV{I,J}=(UMTX(lyJ)—B.O*EVEVlIvJ))/REVB
2 MVMV(I,J)=(UMTX(lyJ)~3.0*MVMV(I¢J))/RMV3
CALL MXVIEVEV,DMVEM,TEMP1,3,3) '
CALL MXV({MYMYV,DEVEM, TEMP2,+3,3)
DO 3 I=1,3 :
3 DR4GREV(T)=MEXMME{ TEMP1(1}+TEMP2(1))
,CPERR:VMAG(DR&REV)/Z&.O
H=DSORT(DSQRT{ERRMAX/CPERR M)
IFITGOLLTH) H=TGO
DD 4 J=1.6
BIGJL{I+J)=0.
IF{1.EQ.d) BIGJLT,J1=1.0
CTR(0-1).EQL3) BIGJ(IsJd)=H
& CONTINUE S
RETURN :
END
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SUBROUT INE DELRV(H,RSV,REV,RMV,RSE,RSM,REM,CRSV,CREV]CRMV.
1CRSE,CRsM,cREM,Dansv.Daaase,DRaRSM,RRsv,Rvsv,RRSE.RVSE,I
2RRSM,RVSM)

IMPLICIT REAL*8({A~H,M,0-1}

DIMENSION RSV(B),REV(B),RMV(B),RSE(B),RSM(B)yREM{B).CRSV(B}'
1CREVI3),CRMVI3),CRSEL3),CRSM(B).CREM(B)yDR#RSV(3)4DR4RSEI3)¢
20R4RSM(3);RRSV(3),RVSVLB),RRSE(B);RVSE(B),RRSM(BI,RVSM(BI

DIMENSION ssv¢3>,sev13>,SMVla);SSEtaw,SSMtaa,SEM(3).DDRSV(3),
1DDRSE{3),DDRSM(3) : : : S
coMMoNICDNST/MS.ME,MM,GLl,AUM,UTIME,UVELM,ERRMAx,DTR

HZ2=H*H -

. H26=H2/6.0

‘H23=H2/3,0 '

RSVI=VMAG(RSV)**3

REV3=VMAG{REV)**3

RMV3=VMAG(RMY)*%3

RSE3I=VMAG (RSE }¥%3

RSM3=VMAG(RSM}*%3
" REM3=VMAG(REM}**3

CRSVI=VYMAGICRSV)*%3

CREV3=VMAG(CREV)**%3

CRMV3=YMAG{CRMV)*%*3

CRSE3=VMAGICRSE)**3

CRSM3=VMAG{CRSM)**3
 CREM3=VYMAG{CREM)**3

PO 1 I=143

SSV(I)=CRSVII)/CRSV3-RSVII}/RSV3

SEV(I)=CREV(II/CREVB*REV(L)/REVB

SMV(1)=CRMV(1)/CRMV3-RMV(1)/RMV3

SSE(1)=CRSE(I)/CRSE3-RSE(I)/RSE3

SSM(1)=CRSM(I}/CRSM3~RSM{ 1) /RIM3

SEM(1)=CREM{T)/CREM3-REM(T}/REM3

DDRSV[I)=MS*SSV(I)+ME*(SSE(I}+SEV(I))+MM*(SSM(I)+SMV(II)

DDRSE(1)=(MS+ME}#SSE( 1) +MME (SSMIT)~SEM(T))

. DDRSM(I)=(M5+MM)*SSM(l)+ME*(SSE(1)+SEM(I))

RRSV(1)=H2% (DR4RSV(T)*H23+DDRSV(111/20.0

.RVSV(I}=H*{DR4RSV(1)*H26+DDRSV{I)J/4.0

RRSE(1)}=H2% [DR4RSE(1)*H23+DDRSE(1))/20.0

_RVSE(I)=H*(DR4RSE(I}*H26+DDRSEII}}/4.0

RRSM(1)=H2*(DR4RSM(1)*H23+DORSML1))/20.0

RYSM( 1) =H* (DR4RSM( 1 )%H26+DDRSM(1)) /4.0

CONTINUE - 1

RETURN

END
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SUBROUTINE DELRVBLHjREQwRMVpCREchRMVfDRﬁREVqRREV,RVEV)
IMPLICIT REAL*B(A-HyM,0-7)

DIMENSION REV(3),RMV(3F;CREV{B},CRMVIB),DR4REV(3)pRREV(Bﬁy

1RVEV(3),SEV(3);SMVI3),DDREV(3)
CUMMUN}CDNST3/MEvMM.GAMMAoUDM,UTIME;UVELM,ERRMAX,DTR
H2 =H%H ~ : . ' '
H26=2H2/6.0

H23=H2/3.0

T REV3=VMAG(REV)**3

CREV3I=VMAG{CREV)*%3

RMV3=VMAG(RMV }**3

CRMV3=VMAGICRMV)%**3

DO 1 1=1,3
SEV(I)=CREv{I)/CREVB—REV(I)/REVB
SMV({T)=CRMV(I}/CRMV3-RMVI1)/RMV3
DDREV{I)=ME*SEV(I)+MM*SMV (1)

© RREV(1)=H2%{DR&REV{ 1)*H23+DDREV(1))/20.0
RVEV(11=H*(DR4REV(I}*H26+DDREV(I31/4.0

RETURN : S

END '
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SUBROUT INE CUMIC(REVﬂﬁG,VEVMAG,LUN,THE.UINC,OBL,RSEo;VSEo,

LREVO,VEVO,RSVO,VSVO,VSVI)

IMPLICIT REAL#*8({A=H,L-M,0-7) :
DIMENS iON RSEQ(3),VSEG(3) sREVO(3),VEVO(31,RSVO(3),VSVO(3}y
JVSVI(3) ,TEMP(3),VEVOP(3)

OMMON/CONST /MS o ME y MM GL1 5 AUM UTIME UVELM, ERRMAX,DTR -
COMMON/ FLAG/ TMT Xy 1PV 1PTRAJ, IPVTM, IFILE,ITER,ITAR
COMMON/TR1G/CLONy SLONyCTHE s STHE,CTNC s SINC,COBL»SOBL

 IFL{ITER.GT.0) GO TD 1 . R
VCIR=DSQRT (ME/REVMAG)

CINC=DCDS(DINC)

S{NC=DSIN(OINC)

COBL=DCOS(0BL)

SOBL=DSIN(OBL)

CLON=DCOS (LON)

SLON=DSIN(LON)

CTHE=DCOS [ THE)

STHE=DSIN{ THE)

REVO(11=REVMAGH [ CLON#*CTHE~SLON*CINC*STHE)

REVO(2)=REVMAGH { COBL*( SLON*CTHE+CLON*CINC¥STHE)

1 +SOBL*SINCHSTHE)
REVO(3)=REVMAG*(*SDBL*(SLUN*CTHE+CLDN*CINC*STHE)
1 +COBL*SINC*STHE)

VEVOP(1)=VEVMAG*(-CLUN*STHE-SLON*CINC*CTHE)
VEVOP(Z)=VEVMAG*{£DBL*(ﬂSLUN*STHEfCLDN*CINC*CTHE)
1 +SOBL*SINC*CTHE)
VEVOP(S)=VEVMAG*(*SDBL*l*SLDN*STHE+CLGN*CINC*CTHE)
1 ' +COBL*SINC*CTHE)
CALL UNITV(VEVOP, TEMP)
DO 2 1=1,3 ' :
VEVO(1)=VCIR*TEMP(T)
S VSVO(I)=VSEO{I)+VEVOL])
RSVO{1)=RSECLI)+REVO(T)
2 VSVI(1)=VSEQ(T)+VEVOP(T)
RETURN
END
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‘.SUBRDUTINE,CDMICB(REVMAG,VEVMAG,LDN,THE,GINC'REVG;VEVO;VEVOP}

IMPLICIT REAL*8(A-H,L-M,0-7)

DIMENSION REVO(3),VEVO(3),VEVOP(3),TEMP(3)
COMMUN/FLAG/IMTX,IPV,IPTRAJ,IPVTM.IFILE1ITER,ITAR
CDMMDN!CUNSTB/ME,MM,GAMMA,UDM,UTIMEyUVELM,ERRMAX,DTR
COMMON/TR1G3/CLONy SLONyCTHE s STHE,CINCs SINC
IF(ITER,GT.0) GO TO 1

VCIR=DSORT{ME/REVMAG) -

" CINC=DCOS{OINC} -

SINC=DS IN(OINC)

CLON=DCOS{LON)

SLON=DS IN(LON}

CTHE=DCOS(THE) .

STHE=DS IN{ THE) : ; L
REVO(1)=REVMAG* (CLON*CTHE=-SLON*CINC*STHE).
REVO(2) =REVMAGY ( SLON*CTHE+CLON*CINC*STHE)
REVO(3)=REVMAG*SINC®STHE '

‘VEVOP!1I=VEVMAG*[-CLON*STHE'SLUN*CINC*CTHEI
,VEVOP(21=VEVMAG*(—SLDN*STHE+CLON*CINC*CTHE)

. VEVOP(3)=VEVMAG*SINC*CTHE

100
101

CALL UNITV(VEVOP,TEMP)

DO 2 1=1,3 :

VEVO{1)=VCIR*TEMP(T) -

WRITE{64100}REVO,VEVO

WRITE(&6,101)VEVOP

FORMAT{ 1HO, T8+ VREVO' y T68,4'VEVO'/1H +1P6020.111
FORMAT(1H ,T8,'VEVOP'/1H »1P3D20.11)

RETURN ) -

END
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SUBROUTINE COMFGITSTART,TEND,REVMAG,XD,0INC,OBL, o
IRSEO'VSEO.RSMO,vsmo,Fn,IESTRD,GD.751D,LTD.511,512,521,522'
2UVIUVF) - S

IMPLICIT REAL#*8(A-HyL-M,0-2}

DIMENS 10N RSEO(B),VSEO(Bi,RSMO(B)qVSMO(3)yREVO(3},VEVO(3)r
lRSVO{Bi.VSVO(B),VSVI(3).RSVTARIB),VSVTARl3),REMF{3};VEMF{B)-r
2PV0(6).R5VF(3),vst(3).RsEFt3l,VSEF(31.RSMF{3).VSMF(31, '
3511{3.3).512(3,3).521(3.31.522t3,3).1510t31,0v1t31,uv1(31,
4DVF(3),UVF(3I,DRODX(3,3):DVODX(313)gTEMPl(BrB)'TEM9213,3)9
550(3).LTD(3,3).xD(3).REVF(B].VEVF(3),RMVF(3),VMVF(31

DIMENSIQN'DUVI(3).DUMt3}.5121(3.3)

CUMMUN/CUNST/MS.ME.MM,GLl,AUM,UT:ME,UVELM,Eaanax,DTR
COMMON/TRIG/CLON ¢ SLONyCTHE y STHE sCINC, SINC,COBL »SOBL
 COMMON/ELAG/IMTX, 1PV, IPTRAJ, IPVTM, IFILEsITER,ITAR '
COMMON/TARG/AY,AZyATAR,RSVTAR,VSVTAR
 VEVMAG=XDI(1) '

LON=XD{2}

THE=XD(3) o

VEVMPS=VEVMAG/UVELM

LOND=LON/DTR

THED=THE /DTR
WRITE(6,108) : _
WRITE(64101)XD,VEVMPS,LOND, THED N : .

CALL COMIC{REVMAG,VEVMAGsLONy THE s OINC »OBL yRSEO+VSEC,

" LREVO,VEVO,RSVO,VSVO,VSVI)

11

21

CALL FOURBY(TSTART s TENDsRSVO,VSVI,RSEQsVSEQ,RSMO,VSMO,
1PVO,RSVF  VSVF yRSEF yVSEF yRSMF ,VSMF4511,512,521,522)
CALL RVEMVIRSVF ,VSVFyRSEF,VSEFyRSMFyVSMF,REVF4VEVF ,RMVF,VMVE,
LREMF 5 VEMF) L S |
WRITE(64,102)RSVF,VSVF

IF(ITER.GT.0) GO TO 11

IF(1TARLGT.0) GO TO 11 o

CALL CTAR(RSEF oVSEF yRSMF,VSMF yREMF ,VEMF 4 AY yAZ s ATAR4JRSVTAR,
1VSVTAR) S |

00 2 1=1,3 |

TSIO(1)}=RSVF({I)-RSVTAR(I)

DVI(I)=VSVI(1)-VSVOL(I)

DVF{1)=VSVTAR(T}=-VSVF(I)

TESTRD=VMAG({TSID}

DVIMAG=VMAG{DV1)

DVFMAG=VMAG(DVF)

DVIMPS=DV IMAG/UVELM

DVEMPS=DVEMAG/UVELM

CALL UNITVI(DVIsUVI)

CALL UNITV(DVFsUVF)

£D=DVFMAG s

CALL MXV(S11,UVI,DUM,3,3)

DO 21 I=1,3

DUM{ T)=UVF{ 1)=DUM( 1)

CALL INVERT(S12,5121)

CALL MXV(S121,0UMsDUVI,343)

WRITE{69103)DVI, UVI

WRITE(64104)DVF,UVF

WRITE(64105)DUVI,TSID - .
"WRITE(6,106)DVIMAG,DVFMAGsDVIMPS,OVFMPS,FD,TESTRD
DRODX(1+1)=0. '

DRODX{1+2) =REVMAGH ( ~SLON*CTHE=CLON*CINC#STHE)
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DRODX!1,3}ﬁREVMAG*(éQLGN*STHE«SLUN*CINC*CTHE)
DRODX{2,1)=0. _ , ‘
_DRODX{Z,Z)=REVMAG*COBL*(CLON*CTHE-SLDN*CINC*STHE)?'
DRODX(2;3)=REVMAG*(CDBL*(—SLDN*STHE+CLDN*CINC*CTHE)'
1  +SOBL*SINC*CTHE) ' '
DRODX(3,1)=0," .
DRODX(B,Z)=—REVMAG*SOBL*(CLDN*CTHE-SLUN*CINC*STHE)
DRODX(3.3)=REVMAG*1—SOBL*(—SLDN*STHE+CLUN*CINC*CTHEJ
1 - +COBL*SINC*CTHE)
DVODX{1,1)=-CLON®STHE-SLON*C INC*CTHE

' DVODX(1,2l=VEVMAG*(SLUN*STHE—CLDN*CINC*CTHE)

DVODX(l,3)=VEVMAG*(-CLBN*CTHE+SLDN*CINC*STHE)
DVODX(Zy1)=COBL*ﬂ—SLON*STHE+CLUN*C!NC*CTHE)

1 +SOBL*SINC*CTHE

DVODX{Z,Zl=VEVMAG*CDBL#(-CLON*STHE"SLON*CINC*CTHEi
DVODX(273)=VEVMAG*ICOBL*(-SLUN*CTHE"CLON*ClNC*STHE)

1 —SOBL*SINC*STHE)
DVODX(B,1)=*SUBL*(-SLON*STHE+CLON*CINC*CTHE)
1 +COBL*SINC*CTHE '

'DVODX(3v21=*VEVMAG*SDBL*(-CLDN*STHE-SLUN*CINC*CTHE)'
DVDDX(3,3)=VEVMAG*(*SGBL*(—SLUN*CTHE-CLDN*CINC*STHE)
1 ~COBL*SINC*STHE) : : :
CALL MXM{S21,DRODX s TEMP14393+3)

CALL MXM{522,DVODXs TEMP2,3,3,3)

00 3 1=1,3 , :

DO 3 J=1,3 ‘
TEMPLI{1,J)=TEMPL(I140)+TEMP2(1,+J)

CALL MTRANS(TEMP1+TEMP24343)

CALL MXV{TEMP2,UVF+GDy3+3)

DO &4 1=1,3

GDU1Y=-GD(1)

WRITE{6+1071GD

CALL MXM(S11,DRODXsTEMP1434393)

CCALL MXM{S12,DVODX+TEMP2+3,3,3)

5
© 101

102

103.

104
105
106

107
108

DO 5 I=1,3

Do 5 J=1y3‘ ] )
LTD(T,J)=TEMPL(1,J)+TEMP2(T,J)

CONT INUE . - g . _ : - .
FORMAT(IHO,TS,'XD';?68,'VEVMPS',T88,'LONDF,TIOB,'THED'/IH '
11P6D20.11) , ' : : .
"FORMAT(1H sTB,YRSVFI,T68,'VSVF!/1H s 1P6D20.11)
FORMAT{1H ,TB,*DVI',T68,'UVI'/1H +1P6D20,11}

FORMAT(1H »T8,'DVF,T68, YUVF'/1H +1P6D20. 111}
FORMAT(1H »T8,'DUVI*¢,T68,'TSID'/1H s 1P6D20.11) o _
FORMAT( 1H ,TB,'DVIMAG"TZB.JDVFMAG',TéB"DVIHPS',Téa,'DVFMPS','
1TBB,*FD? ,T10B,*TESTRD'/1H »1P6020.11)
FORMAT(1H oT8,%GDt/1H »1P3D20.11)
FORMAT({1HO 3 TBy t mmm—mmm e e — =¥ )
RETURN

END '
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SUBROUTINE CDMFGB(TSTART.TENDJREVMAGqXD,UINC.REMO.

IVEMO;FD;TESTRD.GD,TSID;LTDrSllySlZ,SzlsSZZ}UVI;UVF) .
IMPLICIT REAL*8(A=-H,L-M,0-1) _ S
DIMENSION REMO(B),VEMDIB).RE!O(B),VEVG(B);VEVOP(S).REVTAR(B].

1VEVTAR(3I¢PVO(6I,REVF(B),VEVFIB).REMF(B),VEMF(B),511t3'3),XDlB),

2512(3'3)’521(313¥v522{313)'TSID{3)yDV]IZ),UVI(B).DVF(ﬁ),UVF(B),‘

30R00X(3v3),DVODX{3v3)yTEMP113¢3),TEMPZ(B,BJ9GDl31.LTD(3§3) E
DIMENSION DUVI(31,0UM{3),5121(3,3) ' : '
CUMMON/CUNSTBIME,MM¢GAMMA7UDM§UTIME;UVELM,ERRHAX,DTR
coMMUN/TnlsafCLUN,SLON'CTHE,STHE,CINC.SINC
COMMON/ELAG/ IMTX 1PV, IPTRAY, IPVTM, IFILE, ITER,TTAR
COMMON/ TARG/AY AZ 4 ATARsREVTAR, VEVTAR '

VEVMAG=XD{ 1} ' _ '

LON=XD(2) .

THE=XD(3) :

. VEVMPS=VEVMAG/UVELM
LOND=LON/DTR
THED=THE/DTR "

. WRITE{6,108) .

WRITE(65101) XDy VEVMPS s LOND, THED :

CALL CDMIC3{REVMAG.VEVMAGvLUNqTHE,OINC,REVOyVEVO,VEVGP}

CALL THRBDY{TSTART,TEND,REVO,VEVDP,REMO.VEMO,PvG,REVF,vEVF,

LIREMF,VEMF,S11,512,5219522} B
WRITE(&4102)REVF,VEVF
IF(ITER.GT.O} GO TO 11
IF{ITAR.GT.0) GO TO 11 ‘ _

CALL CTAR3(REMF,VEMF ,AY,AZ,ATAR,REVTAR,VEVTAR)

‘DO 2 1=1+3 S '
TSID(I)=REVF(I)-REVTAR(T)
OVI(I}=VEVOP{I}-VEVD(]]}

DVF(I)=VEVTAR(I}-VEVF(I)

TESTRD=VMAG(TSID! '

DVIMAG=VMAG{DVI)

DVFMAG=VMAG(DVF)

DVIMPS=DVIMAG/UVELM

. DVFMPS=DVFMAG/UVELM
CALL UNITV(DVI,UVI)

CALL UNITVI(DVF,UVF)

'FD=DVFMAG '

CALL MXV{S11,UV1,DUM,3,3}

DO 21 I=1,3 S
DUMIT)=UVF{1)-DUM( I}

CALL INVERT(S12,5121)

CALL MXV(S121,DUM,DUV1,3,3)

WRITE(64103)DVI,UVI
WRITE(6,104)DVF,UVF
WRITE(64105)0UV1,TSID '
wRITELb,1os)DVIMAG,DVFMAG.UVIMPS.DVFMPS,FD,TESTRD
DRODX[1s1)=0. :

| DRODX(1,2)zREVMAG*(—SLUN*CTHE—CLDN*CINC*STHE}
DRODX{ 14 3) =REVMAGH*{ —~CLON*STHE~SLON*CINC*CTHE)

- DRODX{241)=0.
DRODX(2,2)=REVMAG*(CLDN*CTHE-SLUN*CINC*STHEb
oaoaxcz.3}=REVMAG*(~SLUN*STHE+CL0N*CINC*CTHE)

CDRODX{3,1)=0.

DRODX{3,2)=0.
DRODX (3,31 =REVMAGXS INC*CTHE
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DVODX{1,1)=—-CLON*STHE-SLON*CINC*CTHE
DVODX(1;2!=VEVMAG*(SLBN*STHE—CLDN*CINC*CTHE).
DVODX{1,3) =VEVMAG* { ~CLON#CTHE+SLON*CINC*STHE)
DVODX{ 2,1} =—SLON*STHE+CLON®CINCXCTHE ..
DVODX(242)=VEVMAGH { =C LON* STHE-SLON*CINC*CTHE)
DVODX{2,3)=VEVMAGH (=SLON*CTHE~CLON®CINC*STHE)
PVODX{3,1)=SINCX*CTHE : ‘ : SRR
pDVODX(3,2¥=0. o
DYODX(3,3)==VEVMAG*SINC*STHE
"CALL MXM{521,0R0DX,TEMP1+3,3,3)
CALL MXM[S22,DVODX,TEMP2+y343,31}
DO 3 1=1,3 : :
D0 3 J=1,3
3 TEMPYI(1,J)=TEMPL(1,JI+TEMP2{I1,4J)
CALL MTRANSITEMP1,TEMP2,3,3)
CALL MXVITEMP2,UVF,GDs343)
DO & 1=143 B . ’
4 GD(I)==GD(1)
WRITE( 65107160 DT R
CALL MXM{SllsnRODx'!TEMPI13"13!3_)
CALL MXM{S12,DVODXsTEMP2+393+3)
DO 5 i=14+3 ' “
DO 5 J=143 o
CLTD(1,J)=TEMPLIT,J)+TEMP2(T,J)
5 CONTINUE _ , - o : ' \ o , :
100 FORMAT{lHO,TB,'CUMPUTED-TARGET'/IHO,TH,'REVTAR',TbB,'VEVTAR'I
11H +1P6D20.411) ' o o
101 FGRMATc1Ho,TB.1x0',Tss.-vEVMPs-.Taa,!LDND',1108,'THED'/1H '
11P6D20.11) S o
102 FORMAT(1H ,T8,'REVF*',T68,'VEVF!/1H +1P6D20.11)
103 FORMAT(1H T8, 70VI',T68, UVIT/1H +1P6D20.11)
104 FORMAT(1H ,TByOVF',T68,*UVF'/1H 41P6D20,11)

105 FORMAT(1H 2 I8, 'DUVIY, T6B,¢TSID'/1H +1P6D20.11)

106 FORMAT(1H .Ts,'DV1MAG-,123,'DvFMAG-,Tqa,-DvJMPS),rsa;-nvFMpsi,

1TBB, 1 FDY,T108, ' TESTRD'/1H ,1P6020.11)
107 FORMAT(1H +T8,'GD*/1H ,1P3D20.11)
108 EORMAT ( 1HOy TBy # mmmmmm s mmmmmmm e 1 )
RETURN = S
END
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SUBROUT INE CUMF(TSTART,TM;TEND.RSVO,VSVO,VSVI,RSEO
~ 1VSMO,ERRMIN, 1L INC,KNRSAVs ITERD, [ TLMAX,RSVMD,V.SVMPD

,vSEd;RSHO,
JRSVTAR 5

-ZVSVTAR,SllD;SIZDqRSVM,VSVMM,VSVMPyDV,UVI,UVH.UVF.SNIII,SMI12,7

35M121,SMI22,5FM11,5FM12,5FM21,SFM22) . _
IMPLICIT REAL*8(A-HyK=M,0-2) o e
EXTRAPOLATE STATES TO TM AND SDLVE LAMBERY PROBLEM
TEND

FROM TM 10

DIMENS ION Rsv0(31;VSVG(31,vsv1¢3:.aseo(3>.vseof31.RsM013).
LVSMO(3) ,PVOL6) s RSYM(3),VSVMM{ 3} ,RSEM(3),VSEM(3) ,RSMM(3),

2VSMM(3)'5H111{3!3,'SM112(3’3)'SMIZl(B'B’,SMiZEtaya
3SFM12(3v3)fSFM21(3r3)95FM22(3,3)15110(3§3)’5120(3’
4RSVMX{3"VSVMPXl3’rDRM(3)éTEMP1(3v3)1DUM(3)?

) ySFM11{3,3)
3)y -

SRSVF(BI,VSVF(31§RSEF!3);VSEF{3)vRSMF{3),VSMF(B),VSVMP(Blf

6DV1(3),DVM(3),DVF(3),UVI(3),UVM(3)UVF(3},DVMPX(3)
DIMENSION RSVTAR(3),VSYTAR(3),RSVMD(3),VSVMPD(3)
COMMON /CONST /MS s ME s MM,GL1»AUM, UTIME yUVELM, ERRMAX,D
KNR=KNRSAV )
WRITE(64100)
WRITE(69101)VSVE,TM | D
ADVANCE STATES FROM TSTART TO TM

CALL FOURBY(TSTART+TMyRSVO,VSVIsRSED,VSEQsRSMD,VSM

1pvo,Rsvn.vsvnm,RSEM,VSEM,RSMM,VSMM,snl11,5M112s5M1

IF{ITERD.GT.0) GO TO 3
DO 2 1=1,3 = '
VSVMPX( 1)=VSVMPI(T)
2 RSVMX(1)=RSVM{1)
KNR=KNRSAV S o | -
CALL LAMB{TMyTENDyRSVMXyVSVMPX yRSEMsVSEMyRSMM,VSMM
JERRMIN, RSVTARyRSVF yVSVF y RSEF s VSEF yRSMF o VSMF 4 SFM11,
25FM22) : - ' . ,
GO 70 71

TR .

Oy

21,SM122)

!

JKNR T TLMAX ¢
SEM12,SFM21,

INCREMENTAL SOLUTION DF.SECONBhLEG_LAMBERT.PROBLEMV

3 DO &4 I=1+3
VSVMPX (1 )y=VSVMPD( I}
RSVMX(1)=RSVMD(1)
DRM(T)=(RSVM(1)-RSVMD(I)}/ILINC
DD 4 J=1,3 L ‘

CSEM11{1,J)=S511D(1,0}

4 SFM12(140)=812D{14Jd) - . - = .
WRITE(64102)YRSYMDyRSVMDRM, ILINC
WRITE{6,106)VSVMPD ~ L =
DO 7 ITERL=1,1LINC
CALL INVERT(SFMI2,TEMP1) "

CALL MXV{SFM11,DRM,DUM,3,3)
CALL MXV{TEMP1yDUM,DVMPX,3,31}
Do & I=113 }
DVMPX{ 1)==DVMPX(1)

RSVYMX (1) =RSVYMX {1 }+DRM( 1)

5 VSVMPX(1)=VSVMPX{I)+DVMPX(I)
WRITE( 6,103} 1TERL yDVMPX,RSVMX,VSVMPX
KNR=KNRSAV o ‘

6 CALL LAMBlTM,TEND,RSVMX;VSVMPXyRSEMvVSEM,RSMMpVSMHy

1KNR,1TLMAx,ERRM1N,RSVTAR,RSVF,VSVF;RSEF,VSEF;RSMF,
2SFM12,SFM21,5FM22) - .
7 CONTINUE

SAVE VSVMP AND COMPUTE DV
71 DO B I=1,3 ' '
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VSVMP(1)=VSVMPX(1)
OVI(1)=VSVE{I)-VSvVO(I)
DVM([ [)=VSVMP{I)~VSVMM(I)
8 DVF{I)=VSVTAR(I)=VSVF{1)
DVIMAG=VMAG(DVI)}
. DVMMAG=VMAG(DVM)
DVFMAG=VYMAG{DVF)
OV=DVIMAG+DVMMAG+DVEMAG
DVIMPS=DVIMAG/UVELM '
DVMMPS=DVMMAG/UVELM
DVFMPS=DVFMAG/UVELM
DVMPS=DV/UVELM ,
CALL UNITV{(DVI,UVI}
C CALL UNITV{DVM,UVM)
CALL UNITV(DVF,UVF) . , .
HRITE(6,10410v1,uv1,Dvm.uvM.DVF,UVF,DVlMAG,DvMMAG,DvEMAG,
1DV,DVIMPS,DVMMPS ,DVFMPS,DVMPS

100 FORMAT(}HO, 40Xy 'FIRST LEG TRAJECTORY'}

101 FORMAT{1HO,TB,*VSVIt,T68,'TM!/1H +1P4D20.11) . ' o
102 FORMAT{1HO,T8,'SOLVE SECOND LEG LAMBERT. PROBLEM IN INCREMENTS!'
1/1M0, T8, 'RSYMDY , T68, 'RSYM? /1H ,1P6020.11/1H + T8, 'DRM* ,T68 4

2YILINC*/1H 41P3D20.11,110) .

103 FORMAT(1Hl T8, ITERL®,T28,'DVMPX*/1H ,110,10%,1P3D20,11/1H ,T8,
L'RSVMX®,T68, *VSYMPX!' /1H ,1P6D20.11) '

104 FORMAT(1HO,T8,'0DVI*,T68,'UVI'/1H ,1P6D20.117/1H +TB,'DVM*,T68,
1'UVMY /1H 4 1P6D20.11/1H S T8y tDVFY 4 T68, 'UVF'/1H ,1P6D20411/1H
278,-DV1MAG-,Tza,-DVMMAGt,qu,'DVFMAG'.Taa,'DV-/IH s 1P4D20,11/
31H'.Ta,-DVIMPS!,Tzs,'DVMMPs'.148,-DVFMPsf,Tee,'DVMps'IlH *
41P4D20.11) o L

106 FORMAT(1H s TBy ' VSVMPD*/1H ,1P3D20.11)

RETURN C -
END
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SUBROUT INE COMF3{TSTART,TMyTEND,REVO,VEVOsVEVOP,REMOsVEMO,
1ERRM1N,1L1NC,KNR5AU,ITERD,1TLMAx,REVMD.VEVMPD.REVTAR.VEVTAR,-
25110,512D;REVM,VEVMM,VEvMP,Dv,uv1.UVM.UVF,SM111,5M112,5M121.
3SM122,SFM11,5FM12,5FM21,SFM22) _ B

- IMPLICIT REAL*B({A-HyK-~M,0-7) ' S o C
o EXTRAPDLATE STATES TO TM AND SOLVE LAMBERT PROBLEM FROM TM TO
C . TEND

DIMENSJON REVO(3),VEVO(3),VEVOP(3),REMO(3),VEMO(3),PVO(6},
1REVMI3),VEVMM(B),VEVMP(B),REMM(B)vVEMM!B),SM111{353)§SM112(3,3),
SSMI21(3,2) ySMI22(3+3)sSFM11(3,3),SFM12(3,3),SFM211(3,3}),
3SFM22(343)9511D(39314512D(3,3),REVMX(3},VYEVMPX(3),DRM{3),
4REVE{3),VEVF(3) ,REMF{3),VEMF(31,0VI(3),DVMI(3),DVE(3),
SUVI{B),UVM(B)'UVF(3),DVMPX(3},REVTAR(3),VEVTAR(31,&EVMD(3)1‘
6VEVMPD(3),TEMP1(3,43},DUM(3) S _

COMMON/ZCONST3/ME s MM, GAMMA » UDM, UT TME , UVELM; ERRMAX,DTR

WRITE( 6,100} : & ' : i

WRITE(64101)VEVOP,TM .

C _ ADVANCE STATES FROM TSTART TO TM S o -

CALL THRBDY(TSTARTsTM3REVO,VEVOP 4REMO,VEMO,PVO,REVM, VEVMM,
LREMM,VEMM,SM111,SMI12,SME21,SME22) - -~ - o :
JF{ITERD.GT.0IGO TO .3 '

D0 2 I=143 B

VEVMPX( 1)=VEVMP (1) -

2 REVMX(I)=REVM(I) ' :

KNR=KNRSAV , : * S

CALL LAMB3{TM,TENDyREVMX,VEVMPX yREMM,VEMM,KNRy ITLMAX ,ERRMIN,
1REV1AR,REVF,VEVF,REMF,VEMF;SFM11,SFH12,SFM21,SFM221- '

G0 TOo 71 ' N . S '

r INCREMENTAL SOLUTION OF SECOND LEG LAMBERT PROBLEM
3.00 4 1=1,3 _ o

VEVMPX( 1)Y=VEVMPDI( 1}

REVMX{1)=REVMD(1} -

DRM{1)={REVM(I}-REVMD(11)/ILINC

DD &4 J=1r3 '

SFM11(1+J)=S110(¢1+J)

4 SFM12(1,J)=812D(1,J} o

WRITE{(6,102)YREVMD,REVM,DRM, ILINC .

WRITE{6,106}VEVMPD

DO 7 ITERL=1,1LINC
CALL INVERT(SFM12,TEMPL)

CALL MXV(SFM11,DRMyDUM,3,3)

CALL MXV(TEMP1,DUM,DVMPX,3,431}

00 5 I=1+43° o

DVYMPX (1) ==DVMPX( 1} .

REVMX(1)}=REVMX(T)+DRM(T)

5 VEVMPX{I)=VEVMPX(1)+DVMPX{I)

WRITE{64103) ITERL »DVMP X4 REVMX 4 VEVMPX

KNR=KNRSAV , , o

6 CALL LAMB3(TM,TEND,REVMX,VEVMPX REMMy VEMM, KNR ¢ ITLMAX, ERRMIN,
1REVTAR,REVF.VEVF.REMF,VEMF,5FM11,SFH12§SFM21,SFMZZJ '
7 CONTINUE ' - o '
C SAVE VEVMP AND COMPUTE DV
71 DO 8 1=1,3 o

VEVMP (1} =VEVMPX( 1)
DVI(I)=VEVOP(1}=VEVO(])

OVM({ T )=VEVMP(1)=-VEVMM(T)

8 DVF{1)=VEVTAR(I)-VEVF(I)
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DVIMAG=VMAG(DVI)

DVMMAG=VMAG{DVM)

DVFMAG=VMAG(DVF)

DV=DVIMAG+DVMMAG+DVEMAG -

DVIMPS=DVIMAG/UVELM -

DVMMPS=DVMMAG/UVELM

DVFMPS=DVFMAG/UVELM

DVMPS=DVMAG/UVELM

CALL UNITVIDVI,UVI])

CALL UNITV(DYM,UVM)

CALL UNITV{DVF,UVF} | . o '

WRITE{641041DVIoUVI,DVMy UYM,DVF 4 UVF ,DVIMAG DVMMAG , DVFMAG,

10V,DVIMPS,DVMMPS DVFMPS,DVMPS : :
100 FORMAT(1H0Os40X,y *FIRST LEG TRAJECTORY'} -
101 FORMAT(LHGyT8,'VEVOP®,T68,'TM'/1H ,1P4D20.11) :
102 FORMAT{1HOs78,*SOLVE SECOND LEG LAMBERT PROBLEM IN INCREMENTS®

1/1HO, T8, SREVMD® 4 T68y 'REVM? /1H +1P6D20.11/1H +T8,'DRM?,T68,

2'TLINGC'/1H ,1P3D20.11,110) - :
103 FORMAT (1H1,T8, CITERL',T28,'DVMPX"/1H ,110,10X,1P3D20,11/1H T8,

L'REVMX' 4 T6B, ' VEVMPX'/1H 41P6D20.11) ' ' & .
104 FORMAT{1HO,T8,'DVI*,T68, UVI*/1H 41P6D20.11/1H ,T8,'DYM!,T68,

LYUVM? /1H o1P6D20411/1H T8, 'DVF Y, T68,1UVF!/1H ;1P6D20411/1H

578, 1DVIMAG? ,T28, 'DVMMAG ' ,T48B, 'DVFMAG® ,T68,10Y1/1H ,1P4D20.11/

31H_;Te,ﬁDvIMPs',Tze,'DVMMPS',T483'DVFMPS',Téay'DVHPS!IlH‘4

41P4D20.11) ‘ S o , | ' :
106 FORMAT(1H T8, 'VEVMPD'/1H 41P3D20.11}

RETURN - . L _ :

END
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SUBRDUTINE CDMG(SMl11,SMI12,5M1219SM122iSFM11,SFM12¢VTMP’
1VTMM,UV] yUVM,UVF , DUV 1, DUVMM 3 DUVMP ,G)

IMPLICIT REAL*8(A-H,0-7)

DIMENSION SH111(3y3)ySM112(3v3)¢SM121{3131ySMIZZ{B v3)
1SFM11(3, 3IgSFMlZ(B,BIgVTMP(Bl,VTMM[B):UV](3),UVM(3)1UVF{3)’
26(4)vSM112113.3)pTEMP1i3v3l,DUMI[B),DUMZ(B)vDUMB(Blv |

3SFM121{3+3), DUV1(3},DUVMM(3),DUVMP(31'SMI12Tl3¢3lgGVI(3!yDVM(3)"

CAaLL INVERT(SMIIZ'SM]121)
CALL MXV(SHIII'UVI DUMB' v3l

DO 1 1=1,3

DUM3{])= UVMII) DUM3(1) e
CALL MXV{SMI121,DUM3,DUVIs3+3)

" CALL MXVISMI22,DUVI,DUM2,3,3) o

100
101
102

CALL Mthsnlzl.uvl,DUM1,3,3>
DO 2 I=1,3
DUVMM:l)=0UM1(1:+DUM2(1)

CALL INVERT(SFM12,SFM121):
CALL MXV(SFML1,UVM, DUMLy3+3)
DO 3 Iz=1,3

DUM1(I)= ZOVF{1)-DUMLLT)

CALL MXV(SFM121,DUM1,DUVMP4343).
PVMMAG=DOT [DUVMM,UVM,3) :
PVPMAG=D0T{ DUVMP s UVM43)

CALL MIRANSl5M112,sm11ZT,3 3}
DO & 1=1,3

DUM3(1)= ZOUVMP (1) ~DUVMM( 1) _ S S

CALL MXV{SMI12T, DUM3.GV1,3.3> . _ S _ ’
DO 5 1=1,3 , PN -
GLIN=GVI(I) ' .

DVM(I)-VTMP(I)-VTMM(I)

G(4)=~D0T (DUVMP,DVM,3 )

NRITEtbeOOJDUVI,PVMMAG PVPMAG

WRITE (64101 )DUVMM, DUVMP. |
WRITE(6,102)G ‘

FORMAT ( 1H ,Ta.tDUVI-,Tas,'PVMMAG',TBB,'PvPMAG /1H .1psozo 1)
FORMAT(1H T8¢ *DUVMMY,T68, 'DUVMP ' /1H ,1Pbozo i1y

FORMAT(1H ,T8,7G*/1H 41P4D20.11)

RETURN

END
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13

SUBROUTINE CTAR(RSEF,VSEFyRSMF,VSMF REMF,VEMF4AY,AZATAR,RSVTAR,
1VSVTAR) B - '
IMPLICIT REAL*B(A-HyK=M,0-1) o
DIMENSION RSEF(3),VSEF(3)REMF(3),VEMF(3),RSVIARI3),VSVTAR(3),
JRSL143),VSLI{3)yUXLSI3) s TEMP{3),UZLS(3),UYLS(3}1,CLS(3,3)4.
2CSL {3, 3).RLTARL(3>,VLTARL(31,RLTAR£3),TEMP113) OMGSL(3) .
DIMENSTON RSMF{31},VSMF(3).
COMMUN/FLAGIIMTX,IPV,IPTRAJ,IPVTM,IFILE,ITER,ITAR
COMMON/CONST/MS o ME g MM, GLl.AUM UTIME  UVELM,ERRMAX «DTR "

MEM=MM/{ ME+MM)

WRITE{64100)

DO 1 I=1,3
RSthl)~ll.-GL1!*(RSEF(I)+MEM*REMF(I
_VSLli1)-(1.—GL1}#(VSEF11)+MEM*VEMFlI
IF{AY.NE.O.} GO TO 11 '
IF(AZ.NE.O.) GO TO 11 .

DO 12 1=1,3 :
RSVTAR(1)=RSLL{1)

VSVTAR{1)=VSL1(I) -

GO TO 5

CALL UNITVIRSleUXLS)

CALL VXV(RSEF,;VSEF,TEMP)

CALL VXV(RSMF,VSMF,TEMPL)

DO 13 1=1,3 '
TEMP(1)=ME*TEMP(1)+MMXTEMP1(T)

CALL UNITV(TEMP,UZLS)

CaLL VXV(UZLS'UXLSqUYLSl

D0 2 J=1,3 N

CLS{1,J)=UXLS(I)

CLS(2,J)=UYLS(J)

CLS(34yJ)=UZLS{J}

CALL MTRANS{CLS,CSLs3,3)

MU= (ME+MM )/ (MS+ME+MM)

o

)
}

CBL=(1.=MU)/(1.-GL1)**34MU/GL 1#%3

OMEGAN=DSQORT{1.-BL/2.+DSORT{ (3. *BL/Z.‘**?‘E.*BL"

KTAR=Z. *OMEGAN/ { OMEGAN®®2+2, *BL+1.)

CATAR=DCOS{ATAR)

SATAR=DSINTATAR)
RLTARL(1)=KTARXAY®:SATAR

RLTARL(Z)Y=AY*CATAR
RLTARL(3)=AZ%SATAR

'VLTARL(ll“KTAR*DMEGAN*AY*CATAR
VLTARL{2)=~-OMEGAN*AY®SATAR

VLTARL {3 )=OMEGAN*AZ*CATAR
WRITE(64101)RLTARLVLTARL

CALL MXVICSL+RLTARLSRLTAR,3,3)
RMAG=VMAGIRSL1} = - -

VY= DDT(UYL51V5L173)

DO 3 1=1,3

GMGSL{II‘VY*UZLS(I)/RMAG

CALL VXVIDOMGSL+RLTAR,TEMP)

CALL MXV(CSL,VLTARLQTEMPl!3!3)

DO 4 I=1,3

RSVTAR(I)'RSLl(l)+RLTAR(I]
VSVTAR(])‘VSLI(I)+TEMP1(I)+TEMP|1}

CONT INUE .

WRITE( 6, 102)RSVTAR9VSVTAR



HRITE(&;IOB) ' '
100 FORMA1(1H0,TB,'CDMPUTED TARGET')
101 FORMAT(1HO,T8,'RLTARL'T68,'VLTARL'/1H ,1P6D20. 11)
102 FORMAT(1H ,TB,'RSVTARY,T68,'VSVTAR! /1H 1P6020 11)
103 FORMAT(1HO)

RETURN
END
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SUBRDUTINE CTAR3(REMF,VEMF (AY,AZsATAR, REVTAR ,VEVTAR)
IMPLICIT REAL*B{A~H,K-M,0-2} =
DIMENS 10N RFMF(B).VEMF[B),REVTAR(BI,VEVTAR!B),REL(3l,VEL(B!.u

IUXLF(B!yTEMP(BlyUZLE(B}yUYLE(Bl,CLE(313)1CEL¢3 +31yRLTARL {3}y
?VLTARL(3]yRLTAR(B)qTEMPl(B).DMGEL[B)

COMMON/FLAG/ IMTX, 1PV, IPTRAJ,]PVTMyIFILE ITER ITAR

' COMMDN/CONST3/ME'MMqGAMMAqUDM,UTIME UVELM'ERRMAX,DTR

WRITE{6,100)

. DO 1 T1=1,3

11

REL(I)—(l.-GAMMA)*REMF(I)
VEL{1)={),~GAMMA)XVEMF(1)
IF(AY.NE.O.) GO TO 11 ;
IFLAZ.NELO.) GO TO 11

DO 12 I=143

'“‘REVTAR!IJ*RELfl)
12 1)

VEVTAR( 1) =VEL

GO TO 5 :

CALL UNITVI(REGM,UXLE) "

CALL VXV{REMF,VEMF,TEMP) -

CALL UNITV(TEMP,UZLEY =

CALL VXV{UZILE, UXLEyLYLEl

DO 2 J=143

CLE(1,J)=UXLE(J)

CCLE(2,J)=UYLE(J)

CLE{3,J)=UZLELJ} | -

CALL MTRANS(CLE,CEL,3.31

MU=MM/ (ME+MM)
BL—(1.-MU1/(1.—GAMMA>#*3+MU/G&MMA**3 :
OMEGAN=DSORT(1.~BL/2.+DSORT({3.*BL/2. Y222 ,%BL))
KTAR= 2.*0MEGAN/(DMEGAN**2+2 *BL+1.)
CATAR=DCOS(ATAR)

- SATAR=DSIN(ATAR) .

RLTARL (1)=KTAR*AY*SATAR
RLTARLI2)=AY*CATAR

RLTARL (3)=AZ%SATAR

VLTARL{1)= KTAR*DMEGAN*AY*CATAR
VLTARL (2)=—OMEGAN*AY®SATAR

VL TARL(3)=OMEGAN*AZ*CATAR
 WRITE{6,101)RLTARL;VLTARL

cAaLL MXV(CSL,RLTARL,RLTAR 3,3)-
RMAG=VMAG(REL} = -

vY=00T(UYLE, VEL.3)

DO 3 I=1,3

OMGEL(I)= VY*UZLE(I)/RMAG

CALL VXV (OMGELRLTAR,TEMP} .

- CALL MXV(CELaVLTARLvTEMP11393)

100
101
102
103

DO 4 I=1,3

REVTAR(I)-REL(11+RLTAR(I} -

VEVTAR(I}= VEL(I)+TEMP1(I}+TEMP{I)

CONTINUE _

WRITE{ 6, IOZ)REVTARyVEVTAR

WRITE(6,4103)

FORMAT(IHO,TBg'CUMPUTED TARGET Yy '

FORMAT( 1H ATB"RLTARL"TbﬂqFVLTARL'/IH lebDZG lll
FORMAT(1H qTB,'REVTAR'quBv'VEVTAR'/IH v1P6020 11)
FORMATI{ 1HO) o

RETURN T
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END .
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- SUBROUTINE LAMB(TO.TF,RSV,vsv,RsE.st'RSM,VSM,KNR,IT;MAx;
1ERRMIN,RSVTAR,RSVX'VSVX,RSEX,VSEX,RSMX,VSMX,51115124521y5221
SOLVE LAMBERT PROBLEM BY- NEWTON-RAPHSON METHOD ITERATING ON
INITIAL VELOCITY ' o : : _
IMPLICTIT REAL*B{A-HyK-M,0-7) ' o : '
DIMENS ION RSV(B],VSV(B),RSE(B)vVSE(3)gRSM(3)yVSMlBl.RSVTAR(Bi,
1511(3,3),s12t3,3),52113,3),322(3.3’,Rsvxtal,VSVXtal.Rsexta),
2vs5xt3),Rsmx(3),vsmxt31,nevxt31,Vvatal,Rmvxtsi.vmvxtaj.
BREMX(B},VEMX(B),ERR(BJ,62(2,21.6(3,3),61(3¢3)fGZIIZ-Z),VIT(3)'
4DELV(3),UDELV(3) +KDELV(3),PVOL6) . S o Lo
COMMON /CONST /MS ¢ ME oMM 4 GL 15 AUM, UT TME , UVELM, ERRMAX, DTR
1TER=1 - - o _
TESTRP=100.0
WRITE(6,108) -
WRITE{64100)T0, TFyRSV,VSV
PO 1 I=1,3 S
- PVOL1)=0. ' '
PVO(1+3)=0.
1 vIT(I)=vsvVil) .
2 WRITE(6,102}ITER,VIT - I o o
“CALL EDURBY{TO,TF4RSV,VIT,RSE,VSE,RSMsVSM,PVOLRIVX, o
1vsvx,Rsex,vsex,RSMx;vsnx.511.512,5215522) o R
CALL RVEnvtRsvx,vsvx,asex,stx;RSMx,vsnx,Revx,vevx,Rva,vnvx,
1REMX, VEMX) ‘ o o S
. DO 3 1=1,3 .
3 ERR(I)=RSYTAR{I)-RSVX(I)
"~ TESTR=VMAG(ERR)
00 4 I=143
DO 4 J=1:3
4 Gl1,31=~512{1,J)
WRITE{&,102IRSVXsVSVX
WRITE(6,10T)ERR; TESTR
IF(ERR{3).NE.0.0) GO TO 5
pa 6 ]=113_ ' ’ .
DO 6 J=1+3
6 G2{1,J)=G{T,20 o
 D22G2(1,1)%G2(2,2)-G2(1,2)1%62(2,1)
621(1,1)=6212,2)/D2 ,
G2111,2¥=-G2(1,21/D2
G21(2,1)1=-G212,1)/D2.
PO 7 1=1,2 -
DD T J=1+2 i
CGH(I,d)=621{1,4d)
GI{1,3)=0.0
7 6113,J)=0.0
G1(3,3)=0.0
GO 70 8
‘5 CALL INVERT(G,GI) o
g 1F (TESTR.GE.TESTRP) GO 70 9
DO 10 I=1,3 .
1o VSViD)=viTtI} = - ' )
1F (TESTR.LTLERRMIN) GO TO 14.
CALL MXV(G,ERR,DELV+3,3)
DO Y1 1=1,3 S
11 DELV(1)=~DELV(I)

TESTRP=TESTR -
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DV=VMAG(DEL V)

CALL UNITV(DELV.UDELV}
KNR=2,0%KNR
IF(KNR.GT.DV) KNR=DV
GO 1O 12

‘KNR=KNR/10.0

DO 13 I=1,3
KDELV!I)—KNR*UDELV[I)'
VITI(1)= VSViI)+KDELVll)
1TER=1TER+1
KLV=VMAG(KDELV)

l_KLVMIN 10.0-24

14

100

101
102
A.g3
4
105
106
107
108
109
110
111
112

IFIKLV.LT.KLVMINY GO TO 14

IF{ITER.LT.1TLMAX} GO TU z.

WRITE(6,112) 7 \

$TOP '

CONTINUE

WRITE(6,109)

WRITE{6,110)1VSV.

WRITE(69111IRSYXyVSVX

WRITE{6,103)REVX,VEVX

WRITE( 6,104 )RMVXeVMYX

WRITE(6,105YRSEXyVSEX

WRITE(6s106IRSMXsVSMX _ ' . I
FORMAT(1HO T8 TO! 2 T28,'TF*/1H .192020.1111H s TB, YRSV ,T6B,
1'VSV!/1H ,1P6D20.11) : :
FORMAT{LHO T8, PITER 4 T2B, 'VIT /1H ,110,10X,1P3D20.11)
FORMAT{ 1H ,TB.'RSVX',T&B"VSVX J1H ,1P6D20.11) :
FORMAT{1H sTB,'REVX',T68,VEVX'/1H ,1P6D20.11)

FORMAT(1H +TB, 'RMVX1,T68, ' VMVX!/1H »1P6D20,11)

FORMAT{LH »TBs'RSEX! yT68y 1 VSEX?/1H ,1P6D20.11)

FORMAT( 1H ,TB.'RSMX',TGB,‘VSMX‘/lH s 1P6D20411)

FORMAT(1H T8, 'ERRY,T68, ' TESTR'/1H ,1P4D20,11)

FORMAT( 1H1)

FORMAT (1HO 78, ' LAMBERT PROBLEM HAS CONVERGED!')

FORMAT{ 1HO, T8, 'CONVERGED VSV'/1H ,1P3D20.11)
FDRMAT{IHD,TB,'RSVX',TbBy'VSVX J1H ,1P6D20.11)
FORMAT{ 1H0, T8, 'NO. DF LAMBERT ITERATIONS HAS REACHED MAXTMUM? )
RETURN

END
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SUBRDUT INE LAmeatTo.TF,REV.VEV REM,vEM,KNR,ITLMAx.ERRHIN,REVTAR,
1REVF, VEVF,REMF.VEMF,511.512.521.5?2i S L
IMPLICIT REAL*BlA-HyK~M,0-7)

THIS ROUTINE - B ‘ -
SOLVES 3-BODY LAMBERT PROBLEM BY NEWTON-RAPHSON METHOD ITERATING _
ON INITIAL VELOCITY. .
DIMENSION REV{3),VEV(3).REMia).VEMlai,REVTAR(BJ.REVFt3i.VEVFtal,
1REMF(3).VEMF(B)g51113y3)y512(3'3),52113,31'522l3v3)'VITl3)v
2PV0(&],RMVF(3},VMVF{3)yFRRt3)vG!313),GZt2 22)5G21{2+214G1(343),
IDELV(3)4UDELV (3} 4KDELV(3) . B
COMMON/CONST3/ME , MM, GAMMA;UDM,UTIME,UVELM,ERRMAX,DTR,‘J

1TER=1

TESTRP=100.0

HRITEtb.lﬂO)TO,TF,REV,VEV-‘

D01 I=1,3

PVOLI)=0.

PVO(I+3)1=0.

VITLI)=VEV(]) , | |
WRITE(6,101) ITER,VIT e
CALL THRBDY(TO,TF, REV.VEV,REM,VEM,Pyo,REVF,VEVF.REMF,VEMF¢511,
151245214522) o ' -
DO 21 1=1,3

RMVF{I}?“REMF(II+REVF(I)

VMVF(1)~-VEMF111+VEVF(1)

DO 3 I=1,3 o o
ERR(1)= REVTAR(I)-REVF(I) ’ R S R
TESTR=VMAG(ERR) - 2 .

DO 4 I=1,3

DO 4 J=143

G(1,0)==512(1,J)

WRITE{6,102)REVF,VEVF

WRITE({ 65 105YERR,TESTR

IF(ERR{3).NE,0.0) GO TO 5

DD 6 1=1,2

DO 6 J=142

G2(1,01=5611,J)

D2= 62(1,1!*62(2,2)-02(1,2)*62(2,1)

G2I1(1,1)=6212,2}/D2

621t1,21—-6211.21102

G21(241)=-6G2(2, 1)102

G21(2+2)= 6211.11102

Do 7 1=1+2

DD 7 J=142

GI{lyb)= GZI(I,J)

GI(I+3)=0.

GI{3,J)=0.

61(313130.

co TO 8 '

5 CALL INVERT{GyGI1)

10

11

[F(TESTR.GE.TESTRP) GO TO 9
‘DO 10 1=1,3

VEVIT}=VIT(I)

{F (TESTR.LT.ERRMIN) GO TO 14
CALL MXVY(GI,ERRyDELV+3+3)
Do 11 1=1,3 =~ .
DELV(I}=-DELV(I)
 TESTRP=TESTR
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DV=VMAG(DELV) .
CALL UNITV{DELV,UDELV)
KNR=2,0%KNR : C
IFIKNR.GT.DV) KNR=DV
G0 7O 12 a '
9 KNR=KNR/10.0
12 00 13 1I=1,3
. KDELV(1)=KNR*UDELV(I)
13 VIT(1)=VEV(1)+KDELV(I}
1TER=TTER+]
KLY=VMAGIKDELV)
KLVMIN=10.D-24 -~ . .
IF(KLV.LT.JLVMIN) GO TO 14
JF{ITER.LYLITLMAX) GO TO 2
WRITE{6,110) :
STOP o
14 CONTINUE
WRITE(6,107)
"WRITE(64108)VEV.
WRITE(64109)REVF,VEVF
WRITE{6,103)RMVF,VMVF _
‘WRITE{6,104)REMF,VEMF P o , L
100 FORMAT({1HO,T8,'T0",T28s'TF'/1H ,1P2D20.,11/1H »T8; REV',T68,
1'VEV'/1H ,1P6D20.11) ' ) . o
101 FORMAT{1HO,T8,*ITER?,T28,'VIT'/1IH +110,10%X,1P3D20.11) :
102 FORMAT{1H ¢T8, REVF?!,768,*VEVF*/1H v 1P6D20.11) ' : o
103 FDRMAT(IH‘,TB,‘RMVF',T68,'VMVF'I1H',1P6020.11) o
104 FORMATUIH 578, 'REMF®,T68, ' VEMF!/1H y1P6D20.11)
105 FORMAT(1H »T8,'ERR!,T68,'TESTR*/1H y1P4D20.11)
107 FORMAT(1HO,T8,7LAMBERT PROBLEM HAS CONVERGED' )
108 FORMAT{1HO,T8,'CONVERGED VEV'/1H »1P3D20.11) .
109fF0RHAT(lHO,TB,'REVF!@T&B&'VEVF'/IH'v1P60205111_-“,1 _
110'FDRMAT(IHOyTB;'NO.,DF LAMBERT ITERATIONS HAS REACHED MAXIMUM')
“RETURN : o . PSR T
£ND - , B o . S
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SUBRDUTINE DISP

CIMPLICIT REAL¥B(A-HytL-M,0-2) - . ‘
DIMENS 10N RSV(B},VSVla).RSE{3!.VSE(3).RSM(3),VSM(31.ux0513),
10(3}'TEMP1l3),TEMPZ(3),UZDS(3),UYDS(33.UMGSD(quRDVD(3),VDVD!B},
ZRDMD(BD.VDMD(BiqCDS(3,3),RDV|3),VDV!3),RDSIB)y

3vDS (3], RDM{3) 4 VDM(3),RDSD(3),VDSD{3] . _
DIMENSION Rsala),vSB(B),Rsntai.vsotal,REV(Bl.VEVt3).RMV(alv
IVMV{B)yPV(éi,RSLl(B)'VSLll3),RDLIlBlgVDLllB),RDLID(B!,VDLID(B):
JURSV(3) ,URSE(3) 4UREV(3) 4REM{3) ,VEMI3) - :
CDMMON/CONSTfMS,ME,MM,GLl,AUM,UTIME.UVELM.ERRMAX,UTR :
COMMGN/TBATAJTO,T,H,Rsv,vsv,REV4VEV,RMV,VMV,RSE,VSE,RSM,VSM'
IREMVVEN,RSL]!VSLI;RUVDgVDVDQRDSDQVDSDvRDMDvVDMDy& :
SRDL1D,VDL1D PV LM, 1 DM, ANGY ; ANGE s ANGS - '
"ESE=ME/{MS+ME) . -

MEM=MM/{ ME+MM)
DD 1 I=1,3 .

RSB{1)=RSE(I)+MEM*REMI{T)

VSB(T)=VSE(I)+MEMXVEM(T)

RSDI1)=RSE(1)

VSD(1)=VSEL(LT}

RSL1{11=(1.~GL1)*RSB(I}

VSL1(T1)=(1,-GLL)*VSB(1)

CALL UNITV(RSE,UXDS) =

CALL VXV{(RSE,VSE,Q)

CALL UNITVIQ,UZDS)

CALL VXV{UZDS,UXDS,UYDS)

De 3 J=1,3

CDS{1yJ)=UXDS(J)

CDS{2,J)=UYDS(I)

COS(3,J1=UZDStJ)

RSEMAG=VMAG(RSE) -

VV=DUT(UYDS’VSE73)

g 4 I=1,3 ) .

OMGSD(.I1)=UZDS{ I 1%VY/RSEMAG

DO 5 1=1,3 o '

RDVII)=RSVI1)-RSD(1)

vOoviI)=VSV(T)}-VvSD(I}

RDS{11==RSD(I)

vpSl1)y==~VSDI1}"

ROM(I)=RSM(I)I-RSD(I)

VOM(1y=VSM(T}-VSD(1)

RDL1[1)=RSLI{T)-RSD(])

vOLI(T1)=VSL1(1}=VSD{ 1) _

COMPUTE STATE VECTOR 1IN ROTATING FRAME

CALL MXV(CDS,RDY,RDVD,3+3)

CALL VXV(OMGSDsRDV,TEMP1)

DO 6 I=1,3

TEMP2(1)=VDV(I)-TEMPL(T)

CALL MXVICDS,TEMP2,VDVD,s343)

CALL MXV{CDSyRDS+RDSDy343)

CALL VXV(OMGSD,ROS,TEMP1)

DO 7 1=1+3 . -
_TEMPZ(1)=VDS(I)-TEMP1(1)“

CALL MXV{CDS,TEMP2,V0SDy3,3)

CALL MXV(CDS,ROM,RDMD,3,3)

CALL VXV{DOMGSD4+RDM,TEMP1)
DO 9 I=1+3 .
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9 TEMP2{I})=VOM{I)=TEMPL(I)}

10

CALL MXV(CDS,TEMP2,VOMD,3,3)

CALL MXV(CDSsRDL1+RDL1IDy3+3}

CALL VXV(DMGSDgRDLl,TEMPll

PO 10 1=1,3

TEMP2({1)=VDL1{I1)-TEMP1L1)}

CALL MXV(CDS,TEMPZ,VDLID:B 3) -
COMPUTE ANGLES AT SUN,EARTH AND' VEHICLE~
CALL UNITV(RSE,URSE)

" CALL UNITVEREV,UREVY.

CALL UNLTVI{RSV,URSV)

 ANGV=DARCOS (DOT{UREV ; URSY,31) /DR

ANGE=DARCOS (-~ DDT(URSEyUREVvB))/DTR'

‘ANGS=180.0~ (ANGV+ANGE)

" RETURN

END

201 .



SUBROUTENE DISP3 -

IMPLICIT REAL*8{A-HyL-M,0-2) ,

DIMENSION REV(3), VEV(B).RMV(3),VMV(BI,REMIB),VEM(B),REL(Blv
1VFL(31.aDVDt3},VDvn(3).RDED(B).VDEnla),
RRDLUtal,voLn(3i.Pvtbl.uxDElsl,UYDEl%).UZDE¢3J.0:3),CDE13.3),
_anMGEDt31,RDV(3t,vovt31.RDE(3),VDEG3).RDLt3). g
, 4VDL(3).TEMPI(B)'TEMP?(B).UREM(31,URHV(B),UREV(B),RED!B),VED(B}

COMMON/CONST3/ME s MMy GAMMA , UDM, UT-1ME s UVELM, ERRMAX,0TR o
COMMON/TDATA3/T0,T,H,REV,VEv.RMV.VMV.REM.VEM REL.VEL,RDvD,
IVDVD,RDED,VDEDgRDLD;VDLD'PV,LM.LDM,ANGV,ANGE,ANGM

EEM=ME/ { ME+MM )

DO 1 1=1,3
RED{I)=REM{1)

VED(I)=VEM(1)

REL(I)= {1.-GAMMA)*REM(I)

VEL{1)=(1.-GAMMA)*VEM(T)

CALL UNITV(REM,UXDE}

CALL VXV{REM,VEM,Q}

‘CALL UN1TV(Q,UZDE}

CALL VXV{UZDE, uxDE.UYDEr
DO 2 J=1,3 :

CDE(1,J)=UXDE(J)

CDEL(2,J)=UYDE{ J)

CDE(3,4)=UZDE(J)

REMMAG=VMAG(REM)

VY=DOT(UYDE,VEM,3}

DO 3 I=1,3

OMGED(1)= UZDE(I]*VYIREMHAG

DD 4 1=1,.3

RDV(I)=REV{1)-RED(I)"

VOV T)=VEVII}-VEDULI)

RDE(1)=-RED( I} B
. VDE(T1}=-VED(I)

ROL(I1=REL(I}-RED(I)

VDL 1)=VEL{1)~VEDI(I) ‘ o

COMPUTE STATES IN RDTATING FRAME
CALL MXV(CDE,RDV,RDVD,s3,3)

CALL'VXVIDMGED,RDVvTEMPl)

DO 5 I=1,3

TEMP2( )= VDV(I)-TEMPI(I} ;

CALL MXVI(CDE,TEMPZ2,VDVD+3,3)

CALL MXV{CDE,RDE,RDED+3+31}

CALL VXV(OMGED,RDE,T EHPI)

DO 6 JI=1,3
CTEMP2(1)Y=VDE(T)-TEMPLLI)

CALL MXV(CDE,TEMP2,VDED,3,3)

CALL MXV(CDERDL+ROLDy3+3}

CAaLL VXV(GMGED,RDL'TEMPII

DDB 1=1.3

TEMPZ2(1)= VDL(I) ~TEMPL(1)

CALL MXV(CDEyTEMP2,VOLDy3,3)

COMPUTE ANGLES AT VEHICLE, EARTH AND MDON
_ CALL UNITV(REM,UREM) _

CALL UNITV(RMV,URMV)

CALL UNITV(REV,UREV) : '

ANGV= DARCGS!DDT(URMV.UREV,Bi1/DTR

ANGM= DARCBS(-DDT(UREM URMV,BJ)IDTR
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ANGE=130.0-{&~GV+ANGMra
RETURN - o
END
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SUBROUTINE PTRAY
IMPLICIT REAL*B(A-H,L-M,0-2)

DIMENSION RSV(3)'VSV(BJ'REVIBIvVEVIBl'RMVi3) VMV(3)'RSE{3),
IVSE(3) ,RSM(3},VSM(3),RDVD(3},VDVD(3),ROSD(3),VDSDI3),
ZRDMDIBlgVDMD(B).PV[6!1RSL1(3!1VSL1(3!;RDLID(3)0VDLID(3D

DIMENSION REM{3),VEM{3)
COMMUN/TDATAZTO, ToHyRSV VSV REVVEV s RMV, VMV, RSE,VSE RSM VSMt
1REM, VEM,RSL14VSL1sRDVD,VDVD, RDSD.VDSD;RDMD VDMD,

2RDLID,VOLLD, PV, LM, LDMyANGV , ANGE 5 ANGS

100
101
102
103
104

COMMON /CONST /MS s ME y MM, GL1 ¢ AUM, UTIME UVELM, ERRMAX ,DTR
CDMMDN/FLAG/IMTX;IPV’IPTRAJ,IPVTH,IFILE'ITERvITAR
TDAY=(T=TO}*UT IME

HOAY=H®UT IME

RSYMAG=VMAG(RSV)

REVMAG=VMAG{REV)

RMVMAG=VMAG [ RMV)

WRITE(6,101) -
WRITE(6,100)T,TDAYH,RSVMAGyREVMAG ,RMVMAG

PRINT STATES IN INERTIAL S-FRAME
WRITE(6,100)RSV,VSV |

WRITE(645100)REV,VEV

WRTTE( 64100 )1RMV VMV

WRITE(6,101) '

WRITE{6,100)RSE,VSE

WRITE{6,100)RSM,VSM

WRITE(6,100)REM,VEM

WRITE(64100JRSL1,VSL1

"WRITE(64101)

PRINY STATES IN RDTATING D—FRAME‘
WRITE{6,100)RDVD,sYDVD

WRITE({64,100)RDSD,VDSD

WRITE(64100)ROMD,VOMD
WRITE(6,100}RDL1D,VDL1D

WRITE(6,101)

wRITE{6,102)ANGV,ANGE,ANGS HDAY
IFLIPV.EQ.O} GO TO 1 -

PRINT PRIMER VECTOR

WRITE(64,100)PV . ‘

WRITE({6,103)LMyLDM

CONTINUE '

- WRITE(6,104}

EORMAT(1H ,1P6D20. 11)

FORMAT(1H )

FORMAT(1H ,1P4D20.11)

FORMAT(1H ,1P2D20.11) o
FORMAT(IHO 3V mmmm e e e e e e e U )
RETURN. ' : R :
END
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SUBROUTINE PTRAJ3 o
IMPLICIT REAL%B(A-Hs(—-MyO-2) ' A
DIMENS ION REV(3),VEV(3) ,RMV{3),VMV(3),REM(3),VEM(3),REL(3]),

1VEL(3),RDVD(3),VDVD(3}§RDED{3)‘VUEDIB)yRDLD[3l'VDLD(3)1?V(6)-_

COMMONIFLAG/IMTX,IPV'IPTRAJ'IPVTM.IF]LE;ITER'ITAR o _
CDMMUN/TDATAB/IO,T,HwREV,VEV.RMV,VMV,REM.VEM,REL'VELfRDVDo
1VDVD,RDED, VDED 4ROLD ¢ VDLDy PV,LMyLDMy ANGY y ANGE + ANGM o
TDAY={T-TO}*UTIME A Co

HDAY=H*UT I ME

REVMAG=VMAG(REV)

RMYMAG=VMAG{ RMV)

WRITE(64101)

WRITE(6,100) T+ TDAYsHsHDAY s REVMAG 4RMVMAG

PRINT STATES IN INERTIAL E-FRAME
WRITE (6 100)REV,VEV
WRITE(6,100)RMV VMY
WRITE(6,100)REM,VEM
WRITE(64100)REL$VEL

- WRITE(6,101)

PRINT STATES IN ROTATING D-FRAME -
WRITE(6,100)RDVD,VDVD '
WRITE{6,100)RDED,VDED

_ WRITE(6,1001ROLD,VOLD

100
101
102
103

WRITE(64102)ANGV ¢ ANGE y ANGM
1F({IPV.EQ.0) GO TO' 1
WRITE(64101) :
WRITE{6,100)PV
WRITE(6y103)LM,LDM
FORMAT(1H ,1P6D20.11)
FORMAT(IH }
FORMATI1H ,1£3D20.11)
FORMAT(1H ,1P2D20.11}
CONTINUE B
RETURN

END
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OO

SUBROUTINE FDATA

IMPLICIT REAL*8(A=HyK=M,0-7) ' '

DIMENSION RSV(3),VSV(3),REV{3),VEV(3),RMVI3), VMVIB),RSE(B)f
IVSE(3),RSM{3),VSM(3)4RSL1(3),VSL1{3)4ROVD(3),VOVD(3),RDSD(3),
2VDSD(3)vRDMD[3)fVDMD(B),RDLIBIB),VDLID(B),PVlbiv
3DUM(9) 4y REM(3), VEM{3) .

COMMON/TDATA/TOyTyHeRSV VSV 4REVVEVRMV, VMV RSE,VSE,RSM, VSM.
1REM,VEM,RSL1+VSL1,RDVD,VDVD,RDSD,VDSDyROMD,VOMD,
2RDL1D,VOL1DyPV LM LDMyANGV s ANGE yANGS

EACH RECORD CONSISTS OF 100 DOUBLE PRECISIUN UNFBRMATED NUMBERS

FILED SEQUENTIALLY. THE LAST 15 NUMBERS ARE BLANKS FILLED WETH

ZERDS AND MAY BE USED FOR FUTURE" EXPANSION.

DD 1 1=1415

DUM(I)=0., . .

RSYMAG=VMAG(RSV)

VSVMAG=VMAG(VSV)

REVMAG=VMAG(REV)

VEVMAG=VMAG(VEV)

RMVMAG=VMAG (RMV)

VMVMAG=VMAG (VMV)

WRITE(8)T4H,y Rsv,vsv.REV,VEV,RMV,VMV,RSE,VSE RSM, VSM,REM,VEM.
lRSLI'VSLl,RDVD,VDVD,RDSDgVDSDqRDMDsVDMD,RDLID,VDLID,
2PV,LM,LDM, ANGV,ANGE,ANGS,RSVMAG,VSVMAG,REVMAG,vEVMAG RMYMAG y
- 3VMVMAG, DUM

RETURN ‘ ‘ ‘ R _ I |
END ) , . - - L o ‘ |
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SUBRGUTINE FDATA3

IMPLICIT REAL*BIA-H, K=M,0—2) .

DIMENSION REV(3>,VEvtal.RMV(a),VMV(3),REM(31,VEM(3l,REL(3}.
IVEL{3), RDVD(B),VDVD(B),RDED(B) VDED(31},RDLD(3),VDLD{3),PV(6)y
20UM(14)

COMMON/TDATA3/T0sTeHyREVIVEV, RMV , VMY ,REM, VEM,REL,VEL.RDVD, g
1VDVD,RDED, VDED,RDLD.VDLD,pv,LM,LDM ANGV, ANGE,ANG '

DO 1 1=1,14%4

DUM{T}=0.

REVMAG= VMAG(REV}

. VEVMAG=VMAG(VEV)

RMYMAG=VMAG(RMV)
- REMMAG=VMAG(REM)

VEMMAG=VMAG(VEM)

WRITE(B)THyREV, vEV,RMV,vMV,REM VEM, REL,VEL RDVD, VDVD.RDED,
1VDED, RDLD,VDLD'PV,LM,LDM ANGV,ANGE.ANGM DUM : _

RE TURN
" END
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SUBROUTINE COMAUG‘F GrTSIvLT!V'LvFG'GG)

IMPLICIT REAL*B(A H!L“NyU—Z) :

DIMENS ION TSI(3),GI31,LTLI(3, 31,LT(3131!L(3,3) NU(3}¢GG(3]’
1TEMPL(3, 3)1TEMP2(3’3)1DUM{3|1V(3v3]

CALL MTRANS(LT+L+3¢3)

CALL MXM{LT,V, TEMP1+3+:3+3)

CALL MXM(TEMPI,L!TEMPQ 3¢343)

CALL INVERT{TEMP2,LTL])

CALL MXM(LTLI!LT,TEMP1!3!3!3}

CALL MXM(TEMPI!V#TEMP2,39393’

"CALL MXV(TEMPZyG¢NU3,43)

DO 1 I=1.3 o
1 NUtT)=-NU{T)}

FG=F+DOTI(NU,TSI,3)"

CALL MXV (L oNU,DUM, 3 33

00 2 1=1.3
2 GG(I]—G‘1)+DUM(1}

WRITE(B,IOO)FGvGG

WRITE(6+101)
100 FORMATIIH gTGv'FG'vTZBv'GG le ,1P4020 11}
101 FORMAT(1HO, T8y ' =—em—=— -f*“})

RETURN e : - o
END -
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SURRDUTINE COMDX(LTS,LS,TS1sS,DX)

~ IMPLICIT REAL¥8(A~H,sL,0-7) . c
DIMENS ION LTS(3,3},LS(3,3J,TSIS{3IiDX!B)yTEMPlIB,B),TEMP21313}
CALL MXM{LTS,LS;TEMPLy3,3,3) - EE IR
CALL INVERT(TEMP1,TEMP2)
CALL MXM(LS,TEMP24TEMP14343,3)
CaLL MXV[TEMPI’TS!.SQDX9393)._— o

DD 1 1=143 = . ,

1 OX{h=~DX{1?}
RETURN -
END
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SUBRDUTINE UPX(XD,FD,TESTRD,GD,TSID'LTG;LD FGD,GGD,Sl 1D,SlZDq

UV, UVF]

IMPLICIT RFAL*R(A-H,L.N 0-7) _

DIMENSION XD(3),GD(3), TSID(31,LTD(3,3),LD(3 3) ¢ X(3)4G(3)
17TST{3),LT(3,3),L(343},511D(3, 3),512D(3,3),5210(343),52201(3, 3},
251103,3)9512(343)952113,3),52213, 3),66(3} UVID{(3) 4UVFD(3},
%UVIIB),UVF13),GGD(31 o

F=FD :

TESTR=TESTRD

FG=FGD

X{Ty=xD( 1}

G(I1=GD(T)

TSI(1Y=TSID(I)

CGG(1)=GGD(1)

UVI{1)=UviID{1)

UVF({1)=UvFD(I)

DD 1 J=1,3

LT, J)-LTD(],JI

LET,0)=LD(1,3)

Sll(le)?SllD('I'J) ‘

TS1201,4)=812D01,J) .

§21(1,J)=5210{(T+J} .~

522(1,J)-5220¢1,J)

CONTINUE
_RETURN
- END
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 SUBROUTINE PVEC(T,RyVyPVOySTMyPV,LMsLDM)

IMPLICIT REAL*B(A-H,L,0-2)

DIMENSION R{3)14V(3),PV0(6)4PV

(6)+STM{646),DL13),DLD(3)y

IRTM(3),VTM(3!5PVTM(3).PVDTM(3}qSTNTMlb,b)_
CUMMON/FLAGIiMTXvIEV;IPTRAJ,IPVTM,lFILEyITERnIThR
CDMMGN!CTMITTM,RTM.VTM,LTM,LDTM}PVTH,PVDTM'STNTM

CALL MXV{STM4PVQ,PVs646)
DO '3 1=1,3 o
DLET)=PV(T) '
OLDE T =PV{1+3)
LM=VMAG(DL) .

L DM=DOT(DL,DLDs3) /LM
IF{1PVIM,LE.0) GO TO 2
IF(LM.LE.LTM) GO TO 2
LTM=LM T :
LDTM=L DM

TTM=T

DO 1 I=1,3

RTM(1)=R(1}

ALISTELARS

PYVTM{11=DLLT)
PVDTM{1)=DLD(1)

DO 1.4=1%3 -
STNTM{14J)=STM(T,4)
STNTM( T4 J+3)1=STM(T,J+3}
STNTM(I+3,J)=STM{ 1+35.)
STNTM(T+3,J+3)=STM{1+3,J+3)
CONTINUE ' ' i
" RETURN

END
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5
)

é ;

SUBRDUTINE RVEMVIRSV vsv,RSE VSE,RSM VSM, REV v&v RMV VMV ¢
1REM, VEM) '
TIMPLICIT REAL®8LA- H,UvZ] _ ‘

DIMENSION RSVI3) VSV, RqFta)vVQEtay,RSMtB),VQM(am,Revt3)v :
1VEVl3).RMV(B),VMV(3),REM(S)vVEM(3} ‘ \
DO 1 1=1+3 . :

R&V(11~~Rs&(1)+RSV{I) : S -
VEV(I)=-VSE{T}+VSVIT)
RMV({J)}=-RSM(1)+RSV(])

VMY (1)==YSMIT)I+VSV(]).
REM(1)==RSE(1)I+RSM( 1)
VEM(1)==VSE(T)1+VSM{ 1}

RETURN T

END
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SUBROUT INE MXV(Q,V,VN‘M,N)
IMPLICIT REAL*8{A-H,0-2) - '
MATRIX VECTOR MULTIPLICATION A(M, N) V(N) VN(M)
DIMENSION AlM, N)vV(N)'VN(M) '
DO 4 T1=1,M '
S=0.
DO 3 J=1+N .
3 5= §+A(11Jl*V(J?
'VN{])“
RETURN
END
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SUBROUT INE VVT{V;VV,IDIM)

IMPLICIT REAL®*8LA-H,0-2)

OUTER PRODUCT OF 2 VECTORS OF DIMENSIGN IDTM
DIMENS ION V(IDIM).VV(IDIM,lDIM}

DO 1 1=1,101M

DO 1 J=1,101IM

VV(I,J)-V(I)*V(I]

RETURN -

END
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DOUBLE PRECTSION FUNCTION DUT(Vl VZ,IDIM)
IMPLICIT REAL*B(A-H,0-7)
POT PRODUCT OF 2 VECTORS
D IMENS ION VlllDlM)yVleDlM)'
s=0. :
PO 1 T=1,101M
S= 5+v1(11*v2(1)
N0T=S .
- RETURN
END
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DOUBLE PRECISION FUNCTIUN -VMAG(V)
IMPLICIT REAL*B(A-H,0~21} ‘
MAGNITUDE OF VECTORS OF DIMENSIBN IDIM
D!HENSIDN vi3)
$=0.

DO 1 T=1+3
CS=S+V{ 1A
VMAG=DSORTI(S)

" RETURN

END -
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SUBROUTINE INVERT(ByBI)

IMPLICIT REAL*B(A—H,0-2)

INVERSTON OF A 3X3 MATRIX

DIMENSION B(3,3),BI(3,3) '

D=B(1, 1)*!B(Zp?)*BIByBJ—B(2,3)*5‘312))+B(2'1)*(B(1g3l*8(3v2)~ '
13(1.2)*&&3 3)&+B(311)*(Bl1'2)*Bl2y3)—B(lg3)*B(272)) ’
BI(l'l)—(B(ZvZ)*BIB,B} ~-B(243)%B{3,2))/0 .
BI(2,1)=(B(2,3)1¥B(3,1)1-B(2,1)%B(3,3))/D
BL(3,1)=(B(2,11%B(342)~ —B(2,2)%B(3,1))/D
BI{1,2)=(B{1,3)1%B(3,2)-B{1,2)*%B(3,31)/D
BI(2,2)={Bl1,1)%B(343)=B(1,3)*B{3,41}}/D
BI(3,2)=(B(1,2)%B(3,1)~B{1,1)%*B(3,2))/D
BI(1y3)"!8l1,2)*8(2,3]-8[1,3)*8(2;21)/0
BI{2y3)=(B{1,3)%8(241)-Bl1, 1)*8(2+3)1/D
BI(343)=(Bl1s1)%B8(2+2)= B(lyZ)*B(Zyl)i/D'
"RETURN

END
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 SUBROUTINE 'UNITV{A,UA)
IMPLICIT REAL*8(A-H,0-1})
DIMENSION At(3),UA(3)
$=0, :
DO 1 T=1+3 :
S=S+A{ 1)1 %%2
AMAG=DSQRT(S)

DO 2 [=1,3
UA{T)=A(1)/AMAG
RETURN :

END
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SUBROUT INE VXV{V1,V24V3)}

IMPLICIT REAL*8{A~H,0-2)

CROSS. PRODUCT OF 2 3-DIMENSIONAL VECTORS
DIMENSION V1(3)},V2(3),V3(3)
V3(1)=V1{2)%V¥2(3)=V1{3)1*V2(2)
V3({2)=VI(3)%V2(1)-V1(1)1*Vv2(3)
,v3t3;—v1(1)*v2{23 v1t2)*v2t11

RETURN

END
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SUBROUT INE MTRANS(A,B,IROW,1COL)
IMPLICIT REAL*B(A-H,0-2}
TRANSPOSE A MATRIX OF IROW X 1coL
DIMENSION ACIROW, ICDL);B(ICOL,IRONI
DO 1 1=1,1R0OW

PO 1 u=1,1cOL

BitJdyI¥=al(l,d)

RETURN

END’
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SUBROUT INE MXM(A,ByCyKyL+M)

IMPLICIT REAL#*8(A-H,{~ -1}

MATRIX MULTIPL]CATIUN AlK,sL} B‘L!M’—C(K'M)
DIMENSION A(KyL]vﬁ(LyM)yC(K,MI :
DO 4 I=14K
DD 4 J=1.M
5=0a
DD 3 N=1sL .
5= 5+A(1 N)*B(NyJ,

Ci1,J)=5
RETURN

END
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